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Description
Technical Field

[0001] The presentinvention relates to nitrogen-containing heterocyclic compounds and pharmaceutical compositions
containing the same. More particularly, the present invention relates to nitrogen-containing heterocyclic compounds
having a xanthine oxidase inhibitory effect and an uricosuric effect and pharmaceutical compositions containing the same.

Background Art

[0002] The major causes of hyperuricemia are increased production and decreased excretion of uric acid. The former
is mainly caused by overproduction of uric acid by xanthine oxidase (hereinafter also referred to as X.0.). On the other
hand, the latter is increased renal tubular reabsorption of uric acid and the main mechanism is upregulation of human
uric acid transporter (hereinafter also referred to as URAT1). Since uric acid is slightly soluble in water, that causes
hyperuricemia. When uric acid in blood gets excessive, crystalline uric acid precipitates in the joints and so on and that
causes an acute attack of arthritis (gout) or chronic changes in bones and joints. Furthermore, complications such as
urinary calculi and renal insufficiency (goutykidney) become a problem.

[0003] Currently, as therapeutic agents for gout and hyperuricemia, alloprinol, a X.O. inhibitor, is widely used. In
addition, other therapeutic agents for hyperuricemia having a X.O. inhibitory effect are disclosed in Patent references
1 to 4. Benzbromarone having an inhibitory effect of uric acid reabsorption (an uricosuric effect) is also used. As another
agent, probenecid is illustrated, but it is not frequently used due to its weak activity. In addition, biaryl compounds or
diaryl ether compounds described in Patent reference 5 are reported as agents having an uricosuric effect.

[Patent reference 1] Japanese Patent No.3399559 specification.

[Patent reference 2] Japanese Patent No.3220987 specification.

[Patent reference 3] Japanese Patent Publication No.2002-105067 gazette.

[Patent reference 4] International Publication No.WO03/064410 pamphlet.

[Patent reference 5] Japanese Patent Publication No.2000-001431 gazette.

Disclosure of the invention
Problem that the invention aims to solve

[0004] However, regarding allopurinol of a X.O. inhibitor, oxypurinol, a methabolic product, can be accumulated in a
body, and adverse effects suchas rash, deteriorationof renal function, hepatitis and the like have been reported, and
thus, it is not always an easy-to-use agent. In addition, regarding benzbromarone which has an inhibitory effect of uric
acid reabsorption (an uricosuric effect), severe adverse effects such as fulminant hepatitis are reported and calculi can
be caused. Therefore, proper limited use is required, and it is not always an easy-to-use agent. On the other hand,
clinical benefits of the therapeutic agents for hyperuricemia having a X.O. inhibitory effect described in Patent references
1 to 4 are still uncertain. Pharmacological effects of the biaryl compounds or diary ether compounds described in Patent
reference 5 seem weaker than existing products. Most of therapeutic agents in the technical field have been sold for a
few decades, and in order to broaden treatment options, a new therapeutic agent has been still desired in the medical field.
[0005] Therefore, the objective of the present invention is to provide a novel compound having a X.O. inhibitory effect
and an uricosuric effect, and a pharmaceutical composition comprising as an active ingredient the same.

Means to solve the problem

[0006] The present inventors have studied earnestly to solve the above problem and finally found that a certain
nitrogen-containing heterocyclic compound having a specific structure has a X.O. inhibitory effect and an uricosuric
effect, thereby forming the basis of the present invention.

[0007] That s, the present invention relates to:

[1] a nitrogen-containing heterocyclic compound represented by the following general formula (1):
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[Chem. 1]

v2-N )

wherein Y1 represents N or C(R%); Y2 represents N or C(R5);

R4 and RS independently represents an alkyl group which may have a halogen atom, a hydrogen atom, a
halogen atom, a cyano group or an alkoxy group; one of R! and R2 represents an haloalkyl group, a cyano
group, a carbamoyl group or a halogen atom; the other of R and R2 represents an aryl group which may have
a substituent selected from the group consisting of an alkyl group, a haloalkyl group, an alkoxy group and a
halogen atom in which some of the substituents may form a ring, an alkoxy group or a heterocyclic group
selected from the group consisting of a thienyl, thiazolyl or pyrrolyl group which may be substituted by an alkyl
group or a halogen atom; and

R3 represents a 5-tetrazolyl group or a carboxy group; and with the proviso that when Y2 represents CRS, Y2
may form a benzene or pyridine ring which may have a haloalkyl group, a halogen atom, a cyano group or an
alkoxy group as a substituent together with R2, and some of the neighboring substituents on the ring may form
a ring, or a pharmaceutically acceptable salt thereof;

[2] a nitrogen-containing heterocyclic compound as described in the above [1] represented by the following general

formula (I-A) or (I-B):

[Chem. 2]

N’Nz : (I-B)
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wherein R42 and R52 independently represent a hydrogen atom or an alkyl group;

one of R12 and R2a represents a haloalkyl group, a cyano group or a halogen atom;

the other of R'2 and R22 represents an aryl group which may have a substituent selected from the group consisting
of an alkyl group, a haloalkyl group, an alkoxy group and a halogen atom in which some of the substituents may
form a ring, an alkoxy group or a heterocyclic group selected from the group consisting of a thienyl, thiazolyl or
pyrrolyl group which may be substituted by an alkyl group or a halogen atom; and

R3 represents a 5-tetrazolyl group or a carboxy group, or a pharmaceutically acceptable salt thereof;

[3] a nitrogen-containing heterocyclic compound as described in the above [2], wherein R12 represents a cyano
group, or a pharmaceutically acceptable salt thereof;

[4] a nitrogen-containing heterocyclic compound as described in the above [3], wherein R22 represents an aryl group
which may have a substituent selected from the group consisting of an alkyl group, a haloalkyl group, an alkoxy
group and a halogen atom in which some of the substituents may form a ring; an alkoxy group; or a thienyl group
which may be substituted by an alkyl group or a halogen atom, or a pharmaceutically acceptable salt thereof;

[5] a nitrogen-containing heterocyclic compound as described in any of the above [2] to [4], wherein R3 represents
a carboxy group, or a pharmaceutically acceptable salt thereof;

[6] a nitrogen-containing heterocyclic compound as described in the above [1] represented by the following general
formula (I-C) :

[Chem. 4]
A H1c
R \Y1C
— !
7 p N .
R\ ¥ (I1-C)
RB

wherein Y1C represents N or C(R4C); Y3 represents N or C(R?9); R4C and RY independently represent an alkyl group,
a haloalkyl group, a hydrogen atom, a halogen atom, a cyano group or an alkoxy group;

R1C represents a cyano group or a carbamoyl group;

R®, R7 and R8 independently represent an alkyl group, a haloalkyl group, a hydrogen atom, a halogen atom, a
cyano group or an alkoxy group; or any of R6, R7 and R8 may form a ring together with the neighboring substituent;
and

R3 represents a 5-tetrazolyl group or a carboxy group, or a pharmaceutically acceptable salt thereof;

[7] a nitrogen-containing heterocyclic compound as described in the above [6], wherein R1C represents a cyano
group, or a pharmaceutically acceptable salt thereof;

[8] a nitrogen-containing heterocyclic compound as described in the above [6] or [7], wherein R3 represents a carboxy
group, or a pharmaceutically acceptable salt thereof;

[9] a pharmaceutical composition comprising a nitrogen-containing heterocyclic compound as described in any of
the above [1] to [8] or a pharmaceutically acceptable salt thereof as an active ingredient;

[10] a pharmaceutical composition as described in the above [9], which is a xanthine oxidase inhibitor;

[11] a pharmaceutical composition as described in the above [9] or [10], which is an uricosuric agent;

[12] a pharmaceutical composition as described in any of the above [9] to [11], which is an agent for the treatment
of gout or hyperuricemia;

[13] a pharmaceutical composition as described in the above [9], which is an agent for the treatment of ischemic-
reperfusiondisorder, inflammatorydisease, diabetes, cancer, arteriosclerosis or neurological disease; and the like.

[0008] Furthermore, another pharmaceutical composition of the present invention is characterized in comprising as
an active ingredient the above nitrogen-containing heterocyclic compound of the present invention or a pharmaceutically
acceptable salt thereof.

[0009] Definitionsof substituents or the like used in the present specification are as follows. The term "aryl group”
means a phenyl group, a naphthyl group, a biphenyl group or the like. The term "alkyl group" may be a straight-chained,
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branched or cyclic one, and the number of carbon atoms is not limited but preferably 1 to 12. An alkyl part of "alkoxy
group" may be a straight-chained, branched or cyclic one, and the number of carbon atoms is not limited but preferably
1 to 12 similarly to the above alkyl group.

[0010] The term "halogen atom" means a fluorine atom, a chlorine atom, a bromine atom or a iodine atom. The term
"haloalkyl group" means the above alkyl group substituted by one or more (preferably 1 to 3) halogen atoms as defined
above. In case that there are two or more halogen atoms, they may be different.

Effect of the invention

[0011] Nitrogen-containing heterocyclic compounds of the present invention or pharmaceutically acceptable salts
thereof are compounds which have a X.O. inhibitory effect and an uricosuric effect. Pharmaceutical compositions of the
present invention comprising these compounds as an active ingredient can be expected to be useful as an agent for
the treatment of gout or hyperuricemia and for the treatment of various diseases such as ischemic-reperfusion disorder,
inflammatory disease, diabetes, cancer, arteriosclerosis, neurological disease or the like.

Best mode to operate the invention

[0012] In case that a nitrogen-containing heterocyclic compound represented by the general formula (1) of the present
invention is a nitrogen-containing heterocyclic compound represented by the above general formula (I-A) or (I-B), one
of R' and R2 is preferably a cyano group, and the other of R! and R2 is preferably an aryl group which may have a
substituent selected from the group consisting of an alkyl group, a haloalkyl group, an alkoxy group and a halogen atom
in which some of the substituents may form a ring, or an alkoxy group, or a thienyl group which may be substituted by
an alkyl group or a halogen atom; and R is more preferably a cyano group. As the above aryl group, a phenyl group is
more preferable. As R3, a carboxy group is preferable.

[0013] In case that a nitrogen-containing heterocyclic compound represented by the general formula (1) of the present
invention is a nitrogen-containing heterocyclic compound represented by the above general formula (I-C), R1C is pref-
erably a cyano group. Itis preferable that Y1C is C(R4C) and Y3 is C(R?) at the same time wherein R4C and R%independently
are a haloalkyl group, a hydrogen atom, a cyano group or an alkoxy group. As R3, a carboxy group is preferable.
[0014] In nitrogen-containing heterocyclic compounds of the present invention, a pharmaceutically acceptable salt is
not limitedbut includes, for example, salts with hydrochloric acid, sulfuric acid, phosphoric acid, nitric acid, acetic acid,
propionic acid, succinic acid, glycolic acid, lactic acid, malic acid, oxalic acid, tartaric acid, citric acid, maleic acid, fumaric
acid, methanesulfonic acid, benzenesulfonic acid, p-toluenesulfonic acid, ascorbic acid and the like. Such a salt may
be a hydrate, solvate or the like.

[0015] A pharmaceutical composition of the present invention is characterized in comprising as an active ingredient
a nitrogen-containing heterocyclic compound or a pharmaceutically acceptable salt thereof. The pharmaceutical com-
positions of the present invention are suitable as a xanthine oxidase inhibitor and/or an uricosuric agent and useful for
the treatment of gout or hyperuricemia.

[0016] In addition, since xanthine oxidase is focused as an enzyme related to active oxygen generation, the pharma-
ceutical compositions of the present invention are expected as an agent for the treatment of diseases associated with
active oxygen generation such as ischemic-reperfusion injury, inflammatory disease, diabetes, cancer, arteriosclerosis,
neurological disease or the like.

[0017] In the pharmaceutical compositions of the present invention, any dosage forms can be optionally employed
without limitation. For example, orally administration forms such as tablets, capsules, granules, fine granules, powders
or liquids, or parenteral administration forms such as injections, topical products or suppositories can be illustrated, and
they can be formulated in the usual way.

[0018] When the pharmaceutical compositions of the present invention are employed as a therapeutic agent for gout
or hyperuricemia, or a disease such as ischemic-reperfusion injury, inflammatory disease, diabetes, cancer, arterioscle-
rosis, neurological disease, the dosage used is approximately within the range from 1 mg to 1 g for adults per day
depending on the age, sex, body weight and degree of symptoms of each patient, and the daily dose can be divided
into several doses.

[0019] The present invention is further illustrated by way of the following Examples. In explaining the Examples,
tentative names such as "XO-TT53" are used.

Example 1
1. Synthesis of pyrazole derivatives

[0020] A hydrazone, XO-TT462, was prepared by condensation reaction of acetophenone as a starting material and
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4-hydrazinobenzoic acid. And then, after XO-TT462 was converted into the methyl ester, XO-TT466 was prepared by
cyclization by Vilsmeier reaction and formylation. Finally, the end objective XO-TT469 was prepared by cyanation
followed by ester hydrolysis in 17% total yields over 5 steps (the following scheme).

@i J@io,
HzNHN ,O)Lo catH,50, @,\r Foc, Ny
DMF

AcOH H,0 M“"’” o
XO-TT462 XO-TT463 XO-TT466

' oH
NH;OH-HCI Ney Na,C0, M.
—— ——————————— - 7 M
HCO;Na dioxanc-H,0
HCO:H p 97% #

5% N N
XOQ-TT468 X0-TT469

[0021] A compound wherein the carboxylic acid of XO-TT469 was converted by a tetrazole group was synthesized.
The synthesis was basically the same as that for the above XO-TT466. However, in the last cyanation of XO-TT472,
the reaction was conducted without protecting the tetrazole group and XO-TT473 was able to be prepared in a low yield
(the following scheme).

N 2N N-N
iog g ol o
HaNHN . POCI, Nen NaNy Moy
B — N DMF EtLN-HCI
AcOH-H,0 84% 0 NMP o

9% XO-TT470 XO-TT471 quant. XO-TT472
— @*u
HCOzNII
HCO;H p
14% 4
XO-TT473

[0022] A compound wherein a methyl group was introduced into the 5-position of the pyrazole ring of XO-TT469 was
synthesized. A pyrazole, XO-TT485, was prepare by condensation reaction of 1-phenyl-1,3-butanedione and hydrazine.
And a 4-phenylcarboxylic acid unit was introduced (the following scheme).

~

0
/@)‘\0/
F
EtOH *phenylation

97% XO-TT485 XO-TT486A

[0023] Formylation of XO-TT486A was conducted to give XO-TT499, and the end objective XO-TT507 was able to
be prepared through two additional steps (the following scheme).
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0
o Ojo’ OH
POCI, N-ND NH,0H-HC) Ny NapCO, N-,(O
———— - ————

XO-TT486A —Eﬁ‘; o HCO,Na y dioxanc-H,0 p
15% HS%EH N 99% N
XO-TT49% XO-TTS05 XO0IT507

[0024] A derivative wherein the terminal benzene of XO-TT469 was converted into thiophene was synthesized. First,
XO-TT500 was prepared by condensation reaction of 2-acetylthiophene and 4-hydrazinobenzoic acid with ethyl ester-
ification. And the end objective XO-TT508 was prepared in the usual way (the following scheme).

Hamm'@i @/ Qﬁ« PoCy, e @’% NH,OH-HCI _ ,@i P

— 5N
HClaq E1OH “DoMF . HCO,Na #
14% 50% o HCO,H D_,}"
97% N
XO0-T1500 XO-TT502 XO-TT504

LiOH S N
r—— P N
THF-,0 ‘[)7,'
U
60% i

XO-TTs08

2. Shortening of XO-TT469-type synthetic method

[0025] An objective carboxylic hydrazone, XO-TT520, was prepared by condensation reaction of 2’ -chloroacetophe-
none and 4-phenylcarboxylic acid unit under a condition of 2mol/L hydrochloric acid : ethanol = 1: 5. And Vilsmeier
reaction was conducted without protecting the carboxylic acid. As a result, XO-TT522 wherein a pyrazole ring was
formed and formylated was able to be prepared. And the end objective XO-TT524 was able to be prepared by cyanation
(the following scheme).

0 o)
o] N.
HzNHN Q Q’l ' rocy, @}?‘ NH;OH‘HCI
2N.HClaq. EIOH =] DMF o HCOzNa

53% HCO;H
55% XO-TT520 XO-TT522 pres N xoTTs24

[0026] An objective carboxylic hydrazone, XO-TT534, was able to be prepared by allowing 4’-methylacetophenone
to react in only ethanol as a solvent. And then the end objective XO-TT537 was prepared in the usual way (the following
scheme).

,@j oH
Qi HzNHN \0\( ’Q/&OH POCly _O_}’l /@i NH«OH-HC] ’N-N@i
EiOH IlCOzNa
DMF
65% HCO H Y
29% 01% W
XC-TT534 XO.TT536 X0-TT537

[0027] The above synthesis 1 is further illustrated in detail as follows.
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XO-TT-462

[0028] To acetophenone (1.00 g, 8.32 mmol) were added acetic acid (20 mL) and water (2 mL), and to the mixture
stirred was added 4-hydrazinobenzoic acid (1.27 g, 8.32 mmol). The resulting mixture was stirred at 100°C for 21 hours.
To the reaction mixture was added water (200 mL), and the solid precipitated by stirring the mixture was collected by
filtration and dried in vacuo at 80°C to give XO-TT462 as a brown solid (900 mg, 43% yield).

XO-TT463

[0029] XO-TT462 (800 mg, 3.15 mmol) was dissolved in methanol (100 mL), and to the solution was added concen-
trated sulfuric acid (1 mL) and the mixture was heated for reflux for 30 hours. To the reaction mixture was added water,
and the mixture was extracted with ethyl acetate. The organic layer was dried over anhydrous sodium sulfate and the
solvent was evaporated. The residue was purified by column chromatography on silica gel (hexane : ethyl acetate =5 :
1-3:1)togive XO-TT463 as a pale yellow solid (465 mg, 55% yield).

XO-TT466

[0030] A mixture of phosphorus oxychloride (0.400 mL) and dimethylformamide (3mL) was stirredunder a nitrogen
atmosphere at 0°C for 30 minutes. To the reaction mixture was addedXO-TT463 (460 mg, 1.72 mmol), and the mixture
was stirred at room temperature for 12 hours. To the reaction mixture was added water (200 mL), and the solid precipitated
by stirring the mixture was collected by filtration and dried in vacuo at 80°C to give XO-TT466 as a pale yellow solid
(456 mg, 87% yield).

XO-TT468

[0031] To XO-TT466 (400 mg, 1.31 mmol) were added formic acid (5.0 mL), sodium formate (177 mg, 2.61 mmol)
and hydroxyamine hydrochloride (109 mg, 1.57 mmol), and the mixture was heated for reflux under a nitrogen atmosphere
for 45 minutes. To the reaction mixture was added water (150 mL), and the mixture was stirred and extracted with ethyl
acetate (200 mL). The organic layer was dried over anhydrous sodium sulfate, and the solvent was removed under
reduced pressure. The residue was purified by column chromatography on silica gel (hexane : ethyl acetate =5: 1 to
3: 1) to give XO-TT468 as a pale yellow solid (338 mg, 85% yield).

XO-TT469

[0032] XO-TT468 (330 mg, 1. 09 mmol) was dissolved in 1,4-dioxane (20 mL), and to the solution were added sodium
carbonate (577 mg, 5.45 mmol) and water (5 mL). The mixture was stirred at 80°C. To the reaction mixture were added
water (150 mL), 2mol/L hydrochloric acid (30 mL), and the mixture was stirred. The precipitated solid was collected by
filtration and dried in vacuo to give XO-TT469 as a white solid (306 mg, 97% vyield).

XO-TT485

[0033] 1-phenyl-1,3-butanedione (2.00g, 12.3 mmol) was dissolved in ethanol, and to the solution was added hydrazine
monohydrate (1.80 mL, 37.0 mmol), and the mixture was stirred at 80°C for 3 hours. After about 80% of ethanol in the
reaction solution was removed under reduced pressure, water (200 mL) was added to the residue. The precipitated
solid was collected by filtration and dried in vacuo at 80°C to give XO-TT485 as a white solid (1.88 g, 97% yield).

XO-TT486A

[0034] XO-TT485 (300 mg, 1.90 mmol) was dissolved in dimethyl sulfoxide (10 mL), and to the solution were added
40% potassium fluoride-alumina (600 mg), methyl 4-fluorobenzoate (492 mL, 3.80 mmol) and 18-crown-6 (100 mg,
0.380 mmol). The mixture was stirred at 120°C for 2 days. To the reaction mixture was added water, and the mixture
was extracted with ethyl acetate. The residue was purified by column chromatography on silica gel (hexane : ethyl
acetate =10: 110 5: 1) to give XO-TT486A as a white solid (64.9 mg, 12% yield).

XO-TT500

[0035] 2-acetylthiophene (1.00 g, 7.93 mmol) was dissolved in ethanol (30 mL), and to the solution were added 4-
hydrazinobenzoic acid (1.21 g, 7.93 mmol) and 5 mol/L hydrochloric acid (2 mL). The mixture was stirred at 100°C for
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23 hours. To the reaction mixture was added water (200 mL), and the mixture was extracted with ethyl acetate (200
mL). The solvent was removed under reduced pressure, and the residue was purified by column chromatography on
silica gel (hexane : ethyl acetate = 4 : 1) to give XO-TT500 as a pale yellow solid (781 mg, 34% vyield).
Example 2
1. Synthesis of XO-B327
[0036] After a pyrrole compound, XO-B315, was prepared by allowing a-cyanocinnamic acid to react with tosylmethyl-

isocyanide (88% vyield), XO-B321 was prepared by coupling reaction of methyl 4-fluoro benzoate and XO-B315 (41%
yield). And then, the end objective XO-B327 was synthesized by ester hydrolysis (94% yield, the following scheme).

\@\ /@,COOMB

©\/CLN SO.CHNG , KOH ©2—; NaH
o

COCH CH,Cl, , MeOH

|

DMF
XO-BSTS
CN GN
= Na,CO —
N, 2 2 . N. 2
,@ dioxane , H,O Q
MeOOC HOOQC

X0-B321 X0-B327

2. Synthesis of XO-B366

[0037] After XO-8348 was prepared by diazonating toluizine and by allowing it to react with ethyl benzoylacetate acid
(quantitative yield), a triazole compound, XO-B351, was prepared using copper (I) iodide (89% vyield). And then, XO-
B358 was prepared by converting the ethoxycarbonyl group into amide (92% yield) and by dehydrating to convert it into
a cyano group (88% yield). And then, a mixture of bromide compounds, XO-B362 (5% yield) and XO-B362-2 (8% yield),
was prepared by brominating the methyl group, and the end objective XO-B366 was synthesized by direct hydrolysis
(19% yield, the following scheme).
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Y

NH
/©/ 2 1) NaNOy, conc.HCI Nay CUCI + Hy0, AGONH4
2) o) EtOH
©)‘\/0005t

. AcONa, EtOH, benzene

X0-B348
Nl R HOONH, , NaOMe CONHz  pogt, a
SCRACEL /O”XG 0
X0-B351 XO-B3s5 X0-B358
NBS , AlBN _ Necoy !
—_— N, 7
cal, dioxane , H20
HooC
R= Brac : XO-B362 X0-B366

R=B8,1CH : X0-B362-2

[0038] The above synthesis is further illustrated in detail as follows.
1) Synthesis of XO-B315

[0039]

N : ~S0,CHNC , KOH CN
P - [}
COOH N

CHQC‘Q , MeOH b
88.1%

X0-B315

[0040] Potassium hydroxide (2.96 g, 45 mmol) was dissolved in methanol (30 mL), and the solution was cooled in
ice. To the solution was added a-cyanocinnamic acid (1.73 g, 10 mmol), and the mixture was stirred under ice-cooling
for 30 minutes. To the reaction mixture was addeddropwise a solutionof tosylmethyl isocyanide (2.05 g, 10.5 mmol) in
dichloromethane (15 mL) for 17 minutes at 5°C or lower, and the mixture was further stirred for an hour under ice-cooling.
To the reaction mixture was added water (10 mL) to dissolve insoluble materials, and the mixture was adjusted to pH8
by adding 10% hydrochloric acid. The organic solvent was removed under reduced pressure, and to the residue was
added water (20 mL), and the mixture was stirred at room temperature for 30 minutes. The formed solid was collected
by filtration, washed with water and dried under reduced pressure at 60°C to give XO-TT315 as a pale brown plate
crystal (1.48 g, 88.1% yield).
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1. Synthesis of 3-cyanoindole derivatives with a terminal carboxylic acid

[0041] A basic synthetic method of a derivative with a terminal carboxylic acid is shown in the following scheme.

0
R
m POCl; “‘Q{
N DMF N

(0

F

40%I{F'A1203
cat. 18-crown-6
DMSO

120C (3)

Ot b LiOH
CO0Et  wg . @"&o i

NH,OH-HCi Py

HCOONa R /

HCOOH - >
reflux {2)

THF
H,0

(4)

[0042] An objective compound was prepared by (1) formylation of 3-position of the corresponding indole using phos-
phorus oxychloride in the presence of dimethylformamide (Vilsmeier method), (2) cyanation by dehydrating reaction
with hydroxylamine in sodium formate and formic acid, (3) coupling with ethyl 4-fluorobenzoate in the presence of
potassium fluoride on almina and 18-crown-5-ether in dimethylsulfoxide and then, (4) hydrolysis with lithium hydroxide
in total 4 steps in that order. The results are shown in the following Table 1. In addition, XO-CH146 (R=H) was prepared
from the third step using 3-cyanoindole purchased.

[0043]

[Table 1]
Compound Name R Process  Product Name Yield %
XO-CH146 H 3) XO-CH144 60
(4) XO-CH146 81
() XO-CH154 97
XO-CH160 Cl (2) XO-CH156
(3) XO-CH159 32 (2steps)
4) XO-CH160 85
) XO-CH157 95
XO-CH168 F 2) XO-CH163 71
(3) XO-CH167 55
(4) XO-CH1 B8 69
(1 XO-CH155 90
XO-CH164 Me (2) XO-CH158 67
(3) XO-CH161 47
(4) XO-CH164 91

2. Synthesis of XO-CH150

[0044] XO-CH145 was prepared by coupling of indole-3-carboaldehyde and 4-fluorobenzonitrile in a similar manner
to the third step of the above 1. XO-CH147 was prepared by converting XO-CH145 into a tetrazole derivative using
sodium azide, followed by cyanation using hydroxylamine to give XO-CH150 (the following scheme).
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-
Tl

- Q ‘ )@,/:'-N NaNj
40%KF'A1203 7N EtaN'HCl
cat. 18-crown-6 B

Iz /2\
\
o
y

DMSO NMP
120C 120°C
2% X0-CH145 quant
HN-N -
0 . N  NHOH-HCI N
e N,@/( N HCOONa Nz o ,@"‘N'
XO-CHI4T popon )
- 4
Reflux XO-CH150
69%

3. Synthesis of XO-CH151

[0045] XO-CH151 was prepared by converting indole-3-caboxylic acid into an acid chloride, amidating it with aqueous
ammonia and then, converting to a tetrazole in a similar manner to that of XO-CH150 (the following scheme).

.
g _DsociMeoN 0\ NH, L,
(I,P 2) 28%NH;, aq 40%KF-Al,04
H : i cat. 18-crown-6
61% DMSO
X0-CH148 o
61%
WG el BoNECl (: rENF‘N
A, ne . ) "
120C
X0-CH149 19% X0-CH161

[0046] The above syntheses 1 to 3 are further illustrated in detail as follows.
1. Synthesis of XO-CH164

XO-CH155

¥

[0047] Under an argon atmosphere, 5-methyl indole (1.04 g, 7.93 mmol) was dissolved in dimethylformamide (10
mL), and to the solution was added dropwise phosphorus oxychloride (2mL) under ice-cooling, and the resulting mixture
was stirred for 1.5 hours at room temperature. To the reaction mixture was added dropwise an aqueous sodium hydroxide
solution (5 g/15 mL) under ice-cooling, and the mixture was heated for reflux for an hour. The reaction mixture was
adjusted to pH2 to 3 with concentrated hydrochloric acid under ice-cooling, and then, the solid was collected by filtration
and dried at 60°C under reduced pressure to give XO-CH155 as a pale pink solid (1.13 g, 90% yield).
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XO-CH158
[0048] XO-CH155 (0.600 g, 3.77 mmol) was dissolved in formic acid (6 mL), and to the solution were added hydrox-
ylamine hydrochloride (0.31 g, 4.5 mmol) and sodium formate (0.47 g, 6.9 mmol), and the mixture was heated for reflux
for an hour. To the reaction mixture was added water under ice-cooling, and the mixture was stirred for 1.5 hours. The
solid was collected by filtration and dried 60°C under reduced pressure to give XO-CH158 as a purple solid (0.397 g,
67% yield).
XO-CH161
[0049] XO-CH158 (0.387 mg, 2.48 mmol) was dissolved in dimethyl sulfoxide (20 mL), and to the solution were added
ethyl 4-fluoro benzoate (0.36 mL, 2.5 mmol), 40% potassium fluoride on alumina (0.38 g) and 18-crown-6-ether (0.07
g, 0.3 mmol). The mixture was stirred at 120°C overnight and filtered. To the filtrate was added water, and the mixture
was extracted with ethyl acetate. The organic layer was washed with water (3 times) and brine, dried over anhydrous
magnesium sulfate and filtered. The filtrate was concentrated and dried under reduced pressure. The residue was
purified by column chromatography on silica gel (silica gel 50 g, ethyl acetate/hexane = 1/6) to give XO-CH161 as a
white solid (0. 186 g, 25% yield). In addition, the fraction containing highly-polar components obtained through the
column chromatography was recrystallized with ethyl acetate / hexane to give XO-CH161 as a white solid additionally
(0.165 g, 22% yield).
XO-CH164
[0050] XO-CH161 (0.186 g, 0.611 mmol) was dissolved in tetrahydrofuran (10 mL), and to the solution was added a
solution of lithium hydroxide monohydrate (0. 042 g, 0.99 mmol) in water (5 mL). The mixture was stirred for 6 hours at
room temperature. In an ice-water bath, to the reaction mixture was added water and adjusted to pH1 with 2 mol/L
hydrochloric acid. The solid was collected by filtration and dried at 60°C under reduced pressure to give XO-CH164 as
a white solid (0.154 g, 91% yield).
2. Synthesis of XO-CH146
XO-CH144
[0051] XO-CH144 was prepared in a similar manner to that of XO-CH161 as a pale brown solid (0.123 g, 60% yield).
XO-CH146
[0052] XO-CH146 was prepared in a similar manner to that of XO-CH164 as a white solid (0.082 g, 81% yield).
3. Synthesis of XO-CH160
XO-CH154
[0053] XO-CH154 was prepared in a similar manner to that of XO-CH155 as a pale yellow solid (2.34 g, 97% yield).
XO-CH156
[0054] XO-CH156 was prepared in a similar manner to that of XO-CH158 as a green-gray solid (0.96 g).
XO-CH159

[0055] XO-CH159 was prepared in a similar manner to that of XO-CH161 as a white crystal (0.57 g, 32% yield (in 2
steps)).

XO-CH160

[0056] XO-CH160 was prepared in a similar manner to that of XO-CH164 as a white solid (0.453 g, 85% yield).
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4. Synthesis of XO-CH168
XO-CH157
[0057] XO-CH157 was prepared in a similar manner to that of XO-CH155 as a pale yellow solid (2.30 g, 95% yield).
XO-CH163
[0058] XO-CH163 was prepared in a similar manner to that of XO-CH158 as a green-brown solid (0.354 g, 71% yield).
XO-CH167
[0059] XO-CH167 was prepared in a similar manner to that of XO-CH161 as a pale yellow solid (0.373 g, 55% yield).
XO-CH168
[0060] XO-CH168 was prepared in a similar manner to that of XO-CH164 as a pale yellow solid (0.235 g, 69% yield).
5. Synthesis of XO-CH150
XO-CH145
[0061] XO-CH145 was prepared in a similar manner to that of XO-CH161 as a pale brown crystal (0.608 g, 72% yield).
XO-CH147
[0062] XO-CH145 (0.200 g, 0.811 mmol) was dissolved in 1-methyl-2-pyrrolidone (6 mL), and to the solution were
added sodium azide (0.17 g, 2.6 mmol) and triethylamine hydrochloride (0.23 g, 1.7 mmol). The mixture was stirred for
14 hours at 120°C. To the reaction mixture was added water, and the mixture was adjusted to pH3 with 2mol/L hydrochloric
acid in an ice-water bath, and stirred for 30 minutes. The solid was collected by filtration and dried under reduced
pressure at 60°C to give XO-CH147 as a brown solid (0.248 g, quantitative yield).
XO-CH150
[0063] XO-CH150 was prepared in a similar manner to that of XO-CH158 as a red-brown solid (0.147 g, 69% yield).
6. Synthesis of XO-CH151
XO-CH148
[0064] Indole-3-carboxylic acid (0.494 g, 3.07 mmol) was suspended in dichloromethane (10 mL), and to the suspen-
sion were added thionyl chloride (0.27 mL, 3. 7 mmol) and acetonitrile (5 mL). The mixture was stirred for an hour at
60°C, and to the reaction mixture was further added thionyl chloride (0.27 mL, 3.7 mmol). The mixture was stirred for
an hour. After the solvent of the reaction mixture was evaporated to dryness, the residue was dissolved in acetonitrile
(5 mL). To the solution was added 28% aqueous ammonia (2 mL) in an ice-water bath, and the mixture was stirred for
30 minutes. To the reaction mixture was added water, and the mixture was extracted with ethyl acetate. The organic
layer was washed with water (twice) and brine and dried over anhydrous sodium sulfate and filtered. The filtrate was
concentrated and dried under reduced pressure to give XO-CH148 as a pale yellow solid (0.252 g, 51% yield).
XO-CH149
[0065] XO-CH149 was prepared in a similar manner to that of XO-CH161 as a pale yellow crystal (0.102 g, 61% yield).

XO-CH151

[0066] XO-CH151 was prepared in a similar manner to that of XO-CH147 as a pale yellow solid (0.018 g, 19% yield).

14



10

15

20

25

30

35

40

45

50

55

EP 1932 833 A1
Example 4
1. Synthesis of indole derivatives
1) Synthesis of 3-cyanoindole derivatives

[0067]

=0  NHyOH-HCL
R_@ POCly . Hﬁ@{ HCOONa N
N DMF Z~N HCOOH
eh) reflux (2
: (
LiOH
CO .

OEt . Nz AN s} — .
40%KF-Al,0, 20\ THF
cat. 18-crown-6 = H0
DMSO R
120C (3) 4

[0068]

Nine objective compounds were prepared by (1) formylation of 3-position of the corresponding indole using

phosphorus oxychloride in the presence of dimethylformamide (Vilsmeier method), (2) cyanation by dehydrating reaction
with hydroxylamine in sodium formate and formic acid, (3) coupling with ethyl 4-fluorobenzoate in the presence of
potassium fluoride on almina and 18-crown-6-ether in dimethyl sulfoxide and then, (4) hydrolysis with lithium hydroxide
in total 4 steps in that order (the following Table 2). In addition, XO-CH172 and XO-CH183 (R is a 2-methyl group or a
5-methoxy group, respectively) were prepared from the step (2) using the corresponding aldehydes purchased.

[0069]
[Table 2]

Compound R Process Product Yield %
(2) XO-CH169 74

XO-CH172 2-Methyl (3) XO-CH170
4) XO-CH172  12(2steps)
W) XO-CH184 quant.

XO-CW201 4-Chloro (2) XO-CH189 75
(3) XO-CH195 32
4) XO-CH201 96
(2) XO-CH171 69

XO-CH183 5-Methoxy (3) XO-CH173 75
4) XO-CH183 79
) XO-CH178 92

XO-CH199 5,6-Methylenedioxy (2) XO-CH179 87
(3) XO-CH190 52
4) XO-CH199 86
(1) XO-CH180 94

XO-CH200 6-Methyl (2) XO-CH186 76
(3) XO-CH192 60
(4) XO-CH200 96
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(continued)

Compound R Process Product Yield %
W) XO-CH187 92
XO-CH207 6-Methoxy (2) XO-CH193 77
3) XO-CH203 53
(4) XO-CH207 92
W) XO-CH182 99
XO-CH209 6-Chloro (2) XO-CH188 88
3) XO-CH194 89
(4) XO-CH209 74
W) XO-CH185 92
XO-CH206 6-Trifluoromethyl (2) XO-CH191 82
3) XO-CH202 53
(4) XO-CH206 88
W) XO-CH175 95
XO-CH205 7-Methyl (2) XO-CH176 78
3) XO-CH196 10
(4) XO-CH205 87

2) Synthesis of XO-CH211

[0070] An objective compound (XO-CH210) was prepared by cyanation of XO-CH208 that was prepared by formylation
and coupling reaction. And then, XO-CH210 was hydrolyzed to give an objective compound (XO-CH211)(the following

scheme).

-

Me CMo =0y
POCIg @\,{
—— R
DMF i

46% XO0-CH174

-4

LiOH-H;0
N AN O — .

THF

MaO EtOH
H,0
X0-CH210 88%

2. Synthesis of 7-azaindole derivatives

1) Synthesis of XO-KT10

[0071] XO-KT2 was prepared by coupling reaction with ethyl 4-fluorobenzoate. XO-KT5-2 was prepared by using
phosphorus oxychloride with XO-KT2. Subsequently, an aldehyde of XO-KT5-2 was cyanated in the usual way, followed

F
OCOOEt

40%IKF-Al,Op
cat. 18-crown-6
DMSO

120C
59%

N & N’@O
MeO

XO-CH211

by hydrolysis to give XO-KT10 (the following scheme).
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POCly, DMF :

0 o NEH,OH-HCI

: coosu N_Q_q NaOH o N_©_<0 HCOONa
4

40%KF- A1203 % N Q rt then reflux, 1h. N <) HCOOH
7- Azamdolo cat. 18-crown-6 XO-KT2 81% 120C, 1.5h
DMSO XO-KT5-2 87%
120°C
50%
Nax O
= 0 = COH
N < MeOH-H,0 N N
\ 4 reflux X0-
XO-KTo quant. KT10

2) Synthesis of XO-KT16

[0072] A 5-bromo derivative of XO-KT10 was prepared from 5-bromo-7-azaindole in reference to the synthetic method
as described in the above (1) (the following scheme).

» —

N 40%KF-Al;04
H cat., 18-crown-6 rt, 1h

F-
O\ 0\ rd 2
Br COOE *@4 POCly, DMF N @ ‘\'0
] —— -
<j N N <

VT-KT188 DMSO B  XO- KT3 92% &  XOKT7
120C
57%
NH,OH-HCl Ne&o z _©_< _@_«
HCOONa N _uow
e ——————ee i
120C, 2h
Br XOKT14 97% Br XO'KT16
quant,

3) Synthesis of XO-KT18

[0073] Similarly, a 6-chloro derivative of XO-KT10 was prepared from 6-chloro-7-azaindole (the following scheme).
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F
.9 o
P > - 0
- .7, cat, 18 crown-6 .
gﬁmﬁﬁif DMSO cl X0 Kfm 74% ¢l XO-KT8
120°C
7%
NH,OH-HCI N
HCOONa y N_Q_/{ LiOH S N-@—(
”fz‘ﬁ%Hwh Y
99% Ct XO-KT15 5% ¢l XO-KT18

4) Synthesis of XO-KT20

[0074] A 5-cyano derivative (XO-KT20) was prepared by cyanation of XO-KT14 using zinc cyanide, followed by
hydrolysis (the following scheme).

DMF 'I‘HF Hy0

120C, 16h.
XO-KP'14 ,\f’ XOKTIY g grona 7% g xowr

N
¢ N-@-( Zn(CN) PO PUO -@—( _uow Ne_ / N.@.f
h—t H
" N °

3. Synthesis of indazole derivatives
[0075] A iodine was introduced at 3-positon of an indazole ring (the following scheme). An objective compound, XO-

KT30, was prepared by converting the iodine into a cyano group using zinc cyanide, followed by coupling in the usual
way, and finally by hydrolysis.

C.
CQOE!

N, Nz N.
My I KOH IEUNH Za(CN)y, PAO) ¢ NH -
_— —_— 40%KF-AlL,O
DMF DMF cat. 18-crown3'6
rt, 0.5h 120, 16h DMSO
Indazole 64% XO-KT13 41% XO0-KT23 120°C

N N. o N N O
\ N_©_<o LiOH S~ )<

- OH
( THF-H:Q

XO-KT24 2steps 59% XO-KT30

[0076] The above syntheses 1 to 3 are further illustrated in detail as follows.
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1) Synthesis of XO-CH200
XO-CH180
[0077] Under an argon atmosphere, 6-methylindole (1.004 g, 7. 62 mmol) was dissolved in dimethylformamide (10
mL), and to the solution was added phosphorus oxychloride (2 mL) under ice-cooling. The mixture was stirred for 1.5
hours at room temperature. To the reaction mixture was added dropwise an aqueous sodium hydroxide solution (5g/
15mL) under ice-cooling. The mixture was heated for reflux for 1.5 hours. To the reaction mixture was added water
under ice-cooling, and the mixture was adjusted to pH3 with concentrated hydrochloric acid. The solid was collected by
filtration and dried at 60°C under reduced pressure to give XO-CH180 as a pale brown solid (1.14 g, 94% yield).
XO-CH186
[0078] XO-CH180 (1.14g, 7.16 mmol) was dissolved in formic acid (11 mL), to the solution were added hydroxylamine
hydrochloride (0.63 g, 9.1 mmol) and sodium formate (0.90 g, 13 mmol). The mixture was heated for reflux for an hour.
To the reaction mixture was added water under ice-cooling, and the mixture was stirred for a while. The solid was
collected by filtration and dried 60°C under reduced pressure to give XO-CH186 as a red-black solid (0.85 g, 76% yield).
XO-CH192
[0079] XO-CH186 (0.502 mg, 3.21 mmol) was dissolved in dimethyl sulfoxide (25 mL), and to the solution were added
ethyl 4-fluoro benzoate (0.47 mL, 3.2 mmol), 40% potassium fluoride on alumina (0.48g) and 18-crown-6-ether (0.10 g,
0.38 mmol). The mixture was stirred at 120°C for 16 hours. The reaction mixture was filtered and water was added to
the filtrate. The mixture was extracted with ethyl acetate (twice). The organic layer was washed with water (twice) and
brine, dried over anhydrous magnesium sulfate and filtered. The filtrate was concentrated and dried under reduced
pressure. The residue was purified by column chromatography on silica gel (silica gel 50 g, chloroform) to give XO-
CH192 as a pale orange solid (0.589 g, 60% yield).
X0O-CH200
[0080] XO-CH192(0.298 g, 0.978 mmol) was dissolved in tetrahydrofuran, and to the solution were added an aqueous
solution of lithium hydroxide monohydrate (0.0702 g, 1.67 mmol) and ethanol. The mixture was stirred for 5 hours at
room temperature. In an ice-water bath, to the reaction mixture was added water, and the mixture was adjusted to pH1
with 2mol/L hydrochloric acid. The solid was corrected by filtration and dried at 60°C under reduced pressure to give
XO-CH200 as a pale pink solid (0.260 g, 96% yield).
2) Synthesis of XO-CH172
XO-CH169
[0081] XO-CH169 was prepared in a similar manner to that of XO-CH186 as a black-brown solid (1.45 g, 74% yield).
XO-CH170
[0082] XO-CH170 was prepared in a similar manner to that of XO-CH192 as a pale yellow solid.
XO-CH172
[0083] XO-CH172 was prepared in a similar manner to that of XO-CH200 as a pale yellow solid (0.107 g, 74% yield).
3) Synthesis of XO-CH201
XO-CH184

[0084] XO-CH184 was prepared in a similar manner to that of XO-CH180 as a pale orange solid (1.20 g, quantitative
yield).
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XO-CH189
[0085] XO-CH189 was prepared in a similar manner to that of XO-CH186 as a green-brown solid (0.805 g, 75% yield).
XO-CH195

[0086] XO-CH195 was prepared in a similar manner to that of XO-CH192 as a pale yellow-green solid (0.304 g, 32%
yield).

XO-CH201

[0087] XO-CH201 was prepared in a similar manner to that of XO-CH200 as a pale yellow solid (0.261 g, 96% yield).
4) Synthesis of XO-CH183

XO-CH171

[0088] XO-CH171 was prepared in a similar manner to that of XO-CH186 as a black-brown solid (0.790 g, 69% yield).
XO-CH173

[0089] XO-CH173 was prepared in a similar manner to that of XO-CH192 as a white solid (0.689 g, 75% yield).
XO-CH183

[0090] XO-CH183 was prepared in a similar manner to that of XO-CH200 as a white crystal (0.496 g, 79% yield).

5) Synthesis of XO-CH199

XO-CH178

[0091] XO-CH178 was prepared in a similar manner to that of XO-CH180 as a pale brown solid (1.22 g, 92% vyield).
XO-CH179

[0092] XO-CH179 was prepared in a similar manner to that of XO-CH186 as a black-brown solid (1.05 g, 87% yield).
XO-CH190

[0093] XO-CH190 was prepared in a similar manner to that of XO-CH192 as a white solid (0.468 g, 52% yield).
XO-CH199

[0094] XO-CH199 was prepared in a similar manner to that of XO-CH200 as a white solid (0.234 g, 86% yield).

6) Synthesis of XO-CH207

XO-CH187

[0095] XO-CH187 was prepared in a similar manner to that of XO-CH180 as a brown solid (1.22 g, 92% yield).
X0O-CH193

[0096] XO-CH193 was prepared in a similar manner to that of XO-CH186 as a green-brown solid (0.413 g, 77% yield).
X0O-CH203

[0097] XO-CH203 was prepared in a similar manner to that of XO-CH192 as a pale yellow solid (0.410 g, 53% yield).
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X0O-CH207
[0098] XO-CH207 was prepared in a similar manner to that of XO-CH200 as a pale yellow solid (0.346 g, 92% yield).
7) Synthesis of XO-CH209
X0O-CH182
[0099] XO-CH182 was prepared in a similar manner to that of XO-CH180 as a pale yellow solid (1.20 g, 99% yield).
XO-CH188
[0100] XO-CH188 was prepared in a similar manner to that of XO-CH186 as a pale green solid (1.03 g, 88% yield).
XO-CH194
[0101] XO-CH194 was prepared in a similar manner to that of XO-CH192 as a pale yellow solid (0.810 g, 89% yield).
X0O-CH209
[0102] XO-CH209 was prepared in a similar manner to that of XO-CH200 as a white crystal (0.206 g, 74% yield).
8) Synthesis of XO-CH206
XO-CH185
[0103] XO-CH185 was prepared in a similar manner to that of XO-CH180 as a pale yellow solid (0.268 g, 92% yield).
XO-CH191
[0104] XO-CH191was prepared inasimilarmannerto thatof XO-CH186 as a pale blue-green solid (0.213 g, 82% yield).
XO-CH202
[0105] XO-CH202 was prepared in a similar manner to that of XO-CH192 as a pale yellow solid (0.191 g, 53% yield).
XO-CH206
[0106] XO-CH206 was prepared in a similar manner to that of XO-CH200 as a pale yellow solid (0.155 g, 88% yield).
9) Synthesis of XO-CH205
XO-CH175
[0107] XO-CH175 was prepared in a similar manner to that of XO-CH180 as a yellow solid (1.15 g, 95% vyield).
XO-CH176
[0108] XO-CH176 was prepared in a similar manner to that of XO-CH186 as a black-brown solid (0.762 g, 78% yield).
XO-CH196
[0109] XO-CH196 was prepared in a similar manner to that of XO-CH192 as a pale yellow solid (0.095 g, 10% yield).
X0O-CH205

[0110] XO-CH205 was prepared in a similar manner to that of XO-CH200 as a white solid (0.075 g, 87% yield).
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10) Synthesis of XO-CH211
XO-CH174
[0111] XO-CH174 was prepared in a similar manner to that of XO-CH180 as a pale pink solid (0.549 g, 46% yield).
X0O-CH208
[0112] XO-CH208 was prepared in a similar manner to that of XO-CH192 as a yellow solid (0.598 g, 59% yield).
X0O-CH210
[0113] XO-CH210 was prepared in a similar manner to that of XO-CH186 as a pale yellow solid (0.162 g, 27% yield).
XO-CH211
[0114] XO-CH211 was prepared in a similar manner to that of XO-CH200 as a pale yellow solid (0.130 g, 88% yield).
11) Synthesis of XO-KT10
XO-KT2
[0115] XO-KT2 was prepared in a similar manner to that of XO-CH192 (1.32 g, 50% yield).
XO-KT5-2
[0116] XO-KT2 (560 mg, 2.1 mmol) was dissolved in dimethylformamide (4.3 mL), and to the solution was added
phosphorus oxychloride (0.8 mL). The mixture was stirred for 2 hours at room temperature. After the reaction, to the
reaction mixture was added an aqueous sodium hydroxide solution (2.7 g/8 mL), and the mixture was heated for reflux
for an hour. After the reaction, the reaction mixture was cooled to room temperature, and extracted with ethyl acetate
and water added. The organic layer was washed with brine and dried over anhydrous magnesium sulfate, and the
solvent was concentrated under reduced pressure. The residue was purified by column chromatography on silica gel
(dichloromethane : methanol = 5 : 1) to give XO-KT5-2 (374mg, 61% vyield).
XO-KT9
[0117] XO-KT9 was prepared in a similar manner to that of XO-CH186 (0.354 g, 87% yield).
XO-KT10
[0118] XO-KT2 (266mg, 1 mmol) was dissolved in a mixed solvent of methanol (4 mL) and water (4 mL), and to the
solution was added sodium hydroxide (80mg). The mixture was heated for reflux for 0.5 hour. After the reaction, the
reaction mixture was cooled to room temperature, and acetic acid (0.5 mL) was added to the reaction mixture. The
precipitate was collected by filtration, washed and dried to give XO-KT6 (230mg, 97% vyield).
12) Synthesis of XO-KT16
XO-KT3
[0119] XO-KT3 was prepared in a similar manner to that of XO-CH192 (57% yield).
XO-KT7
[0120] XO-KT3 (3.45 g, 10 mmol) was dissolved in dimethylformamide (30.5 mL), and to the solution was added
phosphorus oxychloride (3.8mL). The mixture was stirred for 72 hours at room temperature. After the reaction, to the

reaction mixture were added an aqueous sodium hydroxide solution (12.99/38mL) slowly and then water (200 mL). The
precipitate was collected by filtration, washed and dried to give XO-KT7 (3.42 g, 92% yield).
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XO-KT14
[0121] XO-KT3 was prepared in a similar manner to that of XO-CH186 (quantitative yield).
XO-KT16
[0122] XO-KT16 was prepared in a similar manner to that of XO-CH200 (0.333 g, 97% yield).
13) Synthesis of XO-KT18
XO-KT4
[0123] XO-KT4 was prepared in a similar manner to that of XO-CH192 (77% yield).
XO-KT8
[0124] XO-KT8 was prepared in a similar manner to that of XO-KT7 (74% yield).
XO-KT15
[0125] XO-KT15 was prepared in a similar manner to that of XO-CH186 (99% yield).
XO-KT18
[0126] XO-KT18 was prepared in a similar manner to that of XO-CH200 (95% yield).
14) Synthesis of XO-KT20
XO-KT19
[0127] Under an argon atmosphere, XO-KT14 (0.370 g, 1 mmol) and zinc cyanide (0.235 g, 2 mmol) were dissolved
in dimethylformamide (12 mL), and to the solution was added tetrakis(triphenylphosphine) palladium (0) (0.166g,
0.1mmol), and the mixture was stirred at 120°C overnight. After the reaction, the reaction mixture was cooled to room
temperature, the mixture was extracted with ethyl acetate and water added. The extract was washed with brine, dried
over anhydrous magnesium sulfate and concentrated under reduced pressure. The residue was recrystallized from a
mixed solvent of ethyl acetate and hexane to give XO-KT19 (0.281 g, 89%).
XO-KT20
[0128] XO-KT20 was prepared in a similar manner to that of XO-CH200 (79% yield).
15) Synthesis of XO-KT30
XO-KT13
[0129] Indazole (1.18 g, 10 mmol) was dissolved in dimethylformamide (6 mL), and to the solution were added iodine
(2.8 g, 11 mmol) and potassium hydroxide (2.8 g, 50 mmol), and the mixture was allowed to react for 0.5 hour at room
temperature. After the reaction, the reaction mixture was extracted with ethyl acetate and water added. The organic
layer was washed with brine and dried over anhydrous magnesium sulfate, and the solvent was concentrated under
reduced pressure. The residue was recrystallized from a mixed solvent of ethyl acetate and hexane to give XO-KT13
(1.55 g, 64% yield).
XO-KT23

[0130] XO-KT23 was prepared in a similar manner to that of XO-KT19 (41% yield).
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XO-KT30

[0131] XO-KT24 was prepared in a similar manner to that of XO-KT192, and then XO-KT30 was prepared in a similar
manner to that of XO-CH200 (59% vyield over 2 steps).

Example 5

[0132] A variety of objective derivatives were synthesized according to the following reaction scheme. The results of
each synthetic step are shown in the following Table 3.

0
A) HO
=0 " i e
NHNHa HO' NH,OH-HCI
)@\ N N.N
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Poc1s
N” Dee
~n EtOH or AcOH “omE { R HCO,N
o HCO3H \
| I I N
Method A MethOd B MethodC  V
[0133]
[Table 3]
| Method A Il Method 6 1l Method C \Y
solvent; | XO-TT538 | rt,21h. | XO-TT539 | 80°C, 32h. | XO-TT544
j\@ EtOH 57% yield 59% yield “1(21 " Oy
100°C. L{ Y
46h.67%
yield
solvent; | XO-TT540 | rt,22h. | XO-TT542 | 80°C,23h. | XO-TT545 g
/S:e,) EtOH 18% yield 90% yield W
Ly 100°C, S
21h.77%
yield
solvent; | XO-TT547 r.t., XO-TT549 | 80°C,43h. | XO-TT562 \
)kCr N EtOH 110min. 69% yield CL\(:{;
90°C. 23% yield .
21h.91%
yield
solvent; | XO-TT548 | rt.,18h. | XO-TT553 | 80°C,29h. | XO-TT554
’”I)— EtOH 56% yield 92% yield "l(:l ‘
90°C, 1{:0/
23h.93%
yield
solvent; | XO-TT551 | rt,20h. | XO-TT555 | 80°C,22h. | XO-TT559
j)@ EtOH 58% vield 92% vield TS
£ 90°C,
23h.93%
yield
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(continued)

Method A Il Method 6 1 Method C v

solvent; | XO-TT556 | r.t,18h. | XO-TT558 | 80°C,20h. | XO-TT561
EtOH 16% yield 74% yield ""1(1@
80°C,

22.5h.
50% yield

&
o;=o_

solvent; | XO-TT662 | r.t,18h. | XO-TT567 | 80°C,17h. | XO-TT571
AcOH 75% yield 94% yield “’l(),,..
90°C, <<
27h.80%
yield

5@

solvent; | XO-TT565 | r.t,18h. | XO-TT568 | 80°C,17h. | XO-TT572
EtOH 53% yield 82% yield “’101 v
80°C, an >

&

18h.85%
yield

solvent; | XO-TT557 | rt,14h. | XO-TT569 | 80°C,17h. | XO-TT573 .
EtOH | BZmixture | 36% yield 96% yield L
80°C, L{'b

18h.78%

yield

50

solvent; | XO-TT670 | r.t.,17.6h. | XO-TT570 | 80°C,17h. | XO-TT574
EtOH EZmixture | 28% yield 66% yield “10.‘{&3
80°C,

16h.85%

/
O:=O

yield

[0134] The above synthesis is further illustrated in detail as follows.
XO-TT538

[0135] 4’-Methoxyacetophenone (1.00 g, 6.66 mmol) was dissolved in ethanol (20 mL), and to the solution was added
4-hydrazinobenzoic acid (1.06 g, 6.99 mmol). The mixture was stirred at 100°C for 46 hours. To the reaction mixture
was added water (250mL), and the mixture was extracted with ethyl acetate (200mL, twice). The organic layer was dried
over anhydrous sodium hydroxide, and the solvent was evaporated under reduced pressure. The residue was recrys-
tallized from acetone-water to give XO-TT538 as a pale yellow solid (1.26 g, 67% yield).

XO-TT539

[0136] A mixture of phosphorus oxychloride (0.988 mL) and dimethylformamide (10 mL) was stirred for 30 minutes
at 0°C under a nitrogen atmosphere. To the reaction mixture was added XO-TT538 (1.00 g, 3.52 mmol), and the mixture
was stirred for 21 hours at room temperature. To the reaction mixture was added water (500 mL). The solid precipitated
by stirring the mixture was collected by filtration and dried at 80°C in vacuo to give XO-TT539 as a white solid (646mg,
57% yield).

XO-TT544
[0137] To XO-TT539 (300mg, 0.932 mmol) were added formic acid (10 mL), sodium formate (126mg, 1.86 mmol) and
hydroxyamine hydrochloride (77.8mg, 1.12 mmol), and the mixture was stirred at 80°C for 32 hours under a nitrogen

atmosphere. To the reaction mixture was added water (100 mL). The solid precipitated by stirring the mixture was
collected by filtration and recrystallized from acetone-water to give XO-TT544 as a white solid (176mg, 59% yield).
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Example 6

1. Synthesis of a-cyanocinnamic acid ethyl ester derivatives

[0138] An a-cyanocinnamic acid ethyl ester derivative was synthesized using an aldehyde and cyano acetic acid ethyl
ester as starting materials by Knoevenagel condensation (the following scheme). The results were shown in the following

Table 4.
Cl
CHO  NeeH,cooEt, NH
o
EtOH
[0139]
[Table 4]

Compound | Yield

X0-B363 96.2% (4.53 g)
X0-B364 93.1% (3.85 g)
X0-B365 92.2% (4.26 g)
X0-B367 94.9% (4.08 g)
X0-B369 79.7% (3.45 @)
X0-B370 73.3% (3.24 g)
X0-B372 94.6% (3.86 g)
X0-B374 91.5% (4.92 g)
X0-B377 92.3% (4.46 g)
X0-B378 86.8% (3.60 g)
X0-B380 91.1% (2.25 g)
X0-B383 91.8% (4.33 g)
X0-8385 96. 8% (4.47 g)
X0-B387 91.7% (3.94 g)
X0-B390 91.5% (4.92 g)
X0-B419 69.8% (3.52 g)
X0-B424 93.4% (4.09 g)
X0-B427 91.6% (4.01 g)

Cl

COOEt
=

CN

X0O-B363

[0140] In addition, the structure of each compound name listed in Table 4 is as follows.
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OCH,
Et CQOOEt CN
/ \ /GN = 500 = /[M
5 COOEt CN CN [ COOEt
X0-B364 X0-B365 X0O-B367 X0-B369

CFy
CN CN CN
/ = ﬂ\//’k Sy 00K m
S COOEL N COOQEt CN Cl~ g COOEt
|

X0-B370 X0-B372 X0-B374 X0-B377

—
m%
—

COOQEt N
S I 3 X m°°°5' m°°°5‘
CN COOEt
S o] CN CH,0 N

X0-B378 X0-B380 X0-B383 X0-B385

2

F
- COOEt ,[::raﬁrcooa on[:j/ﬁﬁ,cooa [i:r4§rcooa
Fic CN o CN ON

X0-Baa7 X0-B320 X0-B419 X0-B424

mCOOEt
F CN

XO0-B427

2. Synthesis of 3-cyanopyrrole derivatives

[0141] A 3-cyanopyrrole derivative was prepared by allowing an a-cyanocinnamic acid ethyl ester derivative to react
with tosylmethyl isocyanide (the following scheme). After the reaction mixture was neutralized in work-up, the organic
solvent was evaporated. The solid precipitated when adding water was collected by filtration. Recystallization was
optionally conducted. In case of XO-B376, after the extraction, the solid was purified by column chromatography and

45

50

55

recrystallization. The results were shown in the following Table 5.

[0142]

Cl

=
CN

X0-8363

COOEt : “S0,CH,NG , NaOEt

EtOH , CH,Cl,

27

-

Cl

/ \

N
H

X0-B368
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[Table 5]

Compound | Yield

X0-B368 91.5% (1.86 g)
X0-B371 92.8% (1.62 g)
X0-B373 99.5% (1.97 g)
X0-B375 93.4% (1.70g)
X0-B376 78.3% (1.47 g)
X0-B379 89.7% (1.69 g)
X0-B381 94.3% (1.619)
X0-B382 91.3% (2.159)
X0-B384 83.8% (1.759)
X0-B386 99.0% (1.72g)
X0-B388 96.1% (1.68 g)
X0-B389 quant.(2.089)
X0-B391 98.9% (1.96 g)
X0-B396 quant.(1.869)
X0-B398 quant.(2.449)
X0-B425 quant. (2.289)
X0-B430 95.4% (1.77 9)
X0-B431 quant. (1.88 g)

[0143] In addition, the structure of each compound name listed in Table 5 is as follows.

OCH,
7]
s CN CN

7\ 7\

N N

H H
XC-B371 X0-B373
4 CN ¢ ] CN
s N

/A g

N N

H H
X0-B379 X0-B381

X0-B3s2

28

7
S
/A
N
H
X0-B376
{ |
s
1\
N
H
X0-B384
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g - {/\N cl CHao
o CN s~ CN CN ON
XO-B386 X0-B388 X0-B389 X0-B391
Fgc 0 F
CN CN [0 N - CN
7\ 7\ /R \
¥ N N H
X0-B396 X0-B398 XO-B425 X0-B430
F
CN
7\
N
H
X0-B431

3. Synthesis of 4-(3-cyano-1-pyrroryl)benzoic acid methyl ester derivatives

[0144] A 4-(3-cyano-1-pyrroryl)benzoic acid methyl ester derivative was synthesized by coupling of a 3-cyanopyrrole
derivative and a methyl 4-fluorobenzoate (the following scheme). The reaction mixture was treated with 1 mol/L hydro-
chloric acid, and the precipitated solid was collected by filtration and purified by recrystallization. The results were shown

35

40

45

50

55

in Table 6.

N. 2
8 oA
N DMF Me0OC
X0-B368 X0-B392
[0145]

[Table 6]
Compound | Yield
X0-B392 70.7% (1.43 g)
X0-B393 52.8% (971 mg)
X0-B394 71.9% (1.44 g)
X0-B395 57.7% (1.09 g)

Cl @,COOMe
CN F , NaH
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(continued)

Compound | Yield
X0-B395-1 | 7.1% (128 mg)
X0-B399 50.9% (9857m g)
X0-B399-2 | 6.9% (128 mg)
X0-B400 62.4% (1.21 g)
X0-B402 60.3% (1.11 g)
X0-B404 71.0% (1.58 g)
X0-B406 70.4% (1.44 g)
X0-B408 63.9% (1.18 g)
X0-B409 67.0% (1.24 g)
X0-B411 65.1% (1.32 g)
X0-B413 73.9% (1.43 g)
X0-B415 62.1% (1.17 g)
X0-B416 52.1% (1.16 g)
X0-B429 66.6% (1.44 g)
X0-B432 70.4% (1.36 g)
X0O-B433 72.9% (1.40 g)

[0146] In addition, the structure of each compound name listed in Table 6 is as follows.

CN
— OCH,
MeCQQOC

CN
N, 2 s
,@ | 4

X0-B393

CN
& O\@
HOOC

X0O-B395-1

MaQOC

N

c
N 2 s
,@ )
Me0OGC

X0-B400

MeOOC

N N
,@ Iz
MeQOQOC

X0-B3g4

CN
N, .z [
GV

X0-B399

CN
v

X0-B402

30

CN
MeQOQOC

X0-B395

CN
N, .2 [
,@ |/

X0-B399-2

' cN
={ CF,
MeOQC

X0O-B404

HOOC
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N N oN
N% N. 2 N_/ 8
0% 0% o™
MeOOC MeOOC = Ma0OG v
X0-B408 X0-B408 - XO-B409
N N N
|9 1@ o] i@ 9 d@
Me0OC Gl MeOOC OCH, MsOOG
XO-B411 X0-B413 X0-B415
cN CN N
— - —¢ F
/©,N v @,N . 0j @,N P
Me0OGC CFs MeQOG 0"  Me0OC
X0-B416 X0-B429 X0-B432
N
9 CQCL
Ms0QC F

X0-B433

4. Synthesis of 4- (3-cyano-1-pyrroryl) benzoic acidderivatives

[0147] An end objective 4-(3-cyano-1-pyrroryl)benzoic acid derivative was prepared by hydrolysis of the ester of a
4-(3-cyano-1-pyrroryl) benzoic acid methyl ester derivative (the following scheme). The results were shown in the fol-
lowing Table 7.

CN CN
N, .z . N . Z
/© dioxane , H,0 /©/
MeQOC HOOC
X0-B392 X0-B397
[0148]
[Table 7]

Compound | Yield

X0O-B397 92.2% (595 mg)

X0O-B401 96.2% (283 mg)

X0O-B403 93.8% (298 mg)
)
)

XO-B395-1 | 97.6% (295mg
XO-B399-2 | 99.8% (307 mg
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(continued)

Compound | Yield

XO-B407 92.4% (285 mg)
X0-B410 97.5% (284 mg)
X0-B412 95.3% (339 mg)
X0O-B414 95.3% (314 mg)
X0-B418 97.8% (288 mg)
X0-B420 98.3% (290 mg)
X0-B421 98.2% (317 mg)
X0-B422 98.2% (312 mg)
X0-B423 95.8% (289 mg)
X0-B428 93.0% (331 mg)
X0-B434 98.2% (340 mg)
X0-B436 94.8% (290 mg)
X0-B438 93.9% (287 mg)

CN
N. .2 S
,@ W,
GN
N, .2 s
/©, |_z
CN
= CF3
|9 1(3
HOOC

HOQC

In addition, the structure of each compound name listed in Table 7 is as follows.

’ CN
= OCH,
o
HOOC

X0-B403

c

N, s

O | 4
HOOG

N

X0-B407

C
=

N

X0-B414

CN
HOQG Cl

X0-B421
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CN CN CN
9] 1@ o i@ OQ\@[O]
HOOC HOQG CF_r, HOOGC ()

X0-B423 X0-B428 X0-B434
=( F =
o IO
X0-B436 X0-8438

5. Synthesis of XO-B440

[0150] XO-B435 was prepared by methylation of tosylmethyl isocyanide (quantitative yield), and then, XO-B437 was
synthesized by reaction to form a pyrrole (71% yield). Subsequently, an end objective XO-B440 was prepared by coupling
with methyl 4-fluorobenzoate and hydrolysis of the ester of the resultant XO-B439 (42% yields over 2 steps, the following
scheme).

\©\ Mel , 30% NaOH aq., TEBA \@\
> i
SOQ,CH,NG CH.Cl, S0,CHNC

X0-B43bs
CN , NaQEt CN F ' NaH
EtOH , CH,Cl, /ﬁ\ DMF
X0-B437
CN CN
N Na,COs P
Meoocf[ ) dioxane , H,O HOOG ,[ j
X0-B439 X0-B440

[0151] The above syntheses 1 to 5 are further illustrated in detail as follows.
1) Synthesis of XO-B363

[0152]
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Cl Cl
cHOo NCCH,COOEt, NH Xy~ COOE
-
EtOH CN
96.2% X0-B363

[0153] 2-Chlorobenzaldehyde (2.81 g, 20 mmol) and ethyl cyanoacetate (2.26 g, 20 mmol) were mixed with ethanol
(30 mL), and to the mixture was added a few drops of piperidine. The mixture was stirred for 7 hours at room temperature.
The reaction mixture was concentrated under reduced pressure, and the residue was separated by column chromatog-
raphy onsilica gel (130 g, dichloromethane/hexane = 1/1) to give XO-B363 as a white needle crystal (4.53 g, 96.24% yield).

2) Synthesis of XO-B368

[0154]

cl

i
.~ COOEt 80,CH,NC , NaOEt CN
- 7\
CN EtOH , CH,Cl, N
91.5%
X0-B363 XO-B368

[0155] XO-B363 (2.36 g, 10 mmol) was suspended in ethanol (20 mL), and the suspension was ice-cooled. After a
solution of sodium ethoxide in ethanol (21%wt, 4. 5 mL, 12.1 mmol) was added slowly to the mixture, a solution of
tosylmethyl isocyanide (2.05 g, 10.5 mmol) in dichloromethane (15 mL) was added dropwise for 16 minutes at 5°C or
lower. The mixture was stirred for 30 minutes under ice-cooling. Insoluble materials were dissolved by adding water (10
mL) to the reaction mixture, and the solution was adjusted to pH8 by adding 10% hydrochloric acid. The organic solvent
was removed under reduced pressure, and water (20mL) was added to the residue. The mixture was stirred for 30
minutes at room temperature. The precipitated solid was collected by filtration, washed with water and dried under
reduced pressure at 60°C. The obtained crude product wasrecrystallizedfrom dichloromethane-hexaneto give XO-8368
as a pale brown needle crystal (1.86 g, 91.51% yield).

3) Synthesis of XO-B392

[0156]

Cl J@,COOMG CN
= Cl
CN
F ., NaH N #
. e
N DMF MeQOG

H 70.7%
X0-B368 X0-B392

XO-B368 (1.22 g, 6 mmol) was dissolved in dimethylformamide (15 mL), and the solution was ice-cooled. After sodium
hydride (55% in oil, 315 mg, 7.2 mmol) was added portionwise to the solution, methyl 4-fluorobenzoate (780 p.L, 6 mmol)
was added. The mixture was stirred at 150°C for 2 hours under an argon atmosphere. After being cooled, the reaction
mixture was poured into cooled 1mol/L hydrochloric acid (45 mL). The solid precipitated was collected by filtration,
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washed with water and dried at 60°C under reduced pressure. The obtained crude product was recrystallized from ethyl
acetate to give XO-B392 as a pale brown needle crystal (1.43 g, 70.7% yield).

4) Synthesis of XO-B397

[0157]
CN CN
N # - N .2
O dioxane , H,0 /©/
MeOOC 82.2% HOOC
X0-B392 X0-B397

X0-8392 (637mg, 2 mmol) was dissolved in dioxane (10 mL) with heating, and to the solution were added sodium
carbonate (636mg, 6mmol) and water (1 mL). After the mixture was refluxed for 14 hours, dioxane (10 mL) and water
(3 mL) were added to the reaction mixture. The mixture was further stirred for 72 hours. The reaction mixture was
concentrated under reduced pressure. Water (30mL) was added to the residue, and the mixture was dissolved with
heating. The solution was adjusted to pH2 by adding 2 mol/L hydrochloric acid. The precipitated solid was collected by
filtration, washed with water and dried at 60°C under reduced pressure. The obtained crude product was recrystallized
from tetrahydrofuran-water and dried at 60°C under reduced pressure to give XO-B397 as a white needle crystal (595mg,
92.2% yield).

5) Synthesis of XO-B435

[0158]

\@ Mel , 30% NaOH aq. , TEBA \@\ '
- |
50,CH,NC CH,Cl, SO,CHNC

quant.

X0-B435

Tosylmethyl isocyanide (2.93 g, 15 mmol) was dissolved in dichloromethane (30 mL), and the solution was cooled at
0°C. To the solution were addedbenzyltriethylammonium chloride (683 mg, 3 mmol), methyl iodide (1.85 mL, 30 mmol)
and 30% aqueous solution of sodium hydroxide (30 mL). The mixture was stirred at 0°C for 3 hours with sealed. To the
reaction mixture was added water (150 mL), and the mixture was extracted with dichloromethane (75 mL, twice). The
organic layer was dried over sodium sulfate, and concentrated under reduced pressure. Since benzyltriethylammonium
chloride remained, the residue was dissolved in dichloromethane (100 mL), and the solution was washed with water
(30 mL, twice). The organic layer was dried over sodium sulfate and concentrated under reduced pressure to give XO-
B435 as brown oil (3.26 g, quantitative yield).

[0159] The following pharmacological studies were performed with the compounds synthesized as described above.

1) Xanthine oxidase inhibitory effect

[0160] Assay for inhibition of xanthine oxidase was performed in 100 wmol/L substrate concentration (final concen-
tration), 5 mU/mL enzyme concentration (final concentration) and compounds of the present invention as test compounds
which were prepared with xanthine oxidase (from buttermilk; biozyme laboratories), xanthine (Sigma) and phosphate-
buffered saline (PBS). In addition, all test compounds were frozen for preservation in condition of 20 mmol/L DMSO
solution and used for experiments after thawing at need. Method is following: after diluted solution of test compound
was added to 90 pL of 11.1 mU/mL enzyme solution, the mixture was incubated for 10 minutes after mixing. To stat
reaction, 100 pL of 200 wmol/L substrate solution was added to there, 10 minutes later, the reaction was stopped by
addition of 500 pL of 0.5 mol/L sulfuric acid, and then absorbance at 283 nm was measured. Final concentration of test
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compound was a single concentration, 10 wmol/L in single well for initial screening and 6 concentrations, 10, 1 wmol/L,
100, 10, 1 nmol/L, 100 pmol/L in duplicate for assay to calculate 50% inhibitory concentration (IC5q) which were used
for assay. Percent inhibition was calculated according to the formula described below.

Percent inhibition (%) = (A-B) / (A-C) X 100

In formula, A means absorbance in wells without test compound, B means absorbance in wells with test compound, C
means absorbance in blank wells.
IC5q value was calculated from percent inhibition in each concentration by nonlinear regression method.

2) UART1 inhibitory effect

[0161] DMEM containing 10% FBS (supplemented with 0.05% geneticin, Nissui Pharmaceutical Co., Ltd.), HEK293
cells forced to express URAT1 (HCS (Human cell Systems), (Fuji Biomedix)), HBSS as washing buffer and HBSS
substituted with Na-gluconate (NaCl in HBSS was substituted with Na-gluconate) were used for assay. [8-14C] uric acid
(moravek) was used as an uric acid reagent and added to assay buffer at 20 wmol/L as a final concentration. Compounds
of the present invention were used as a test compound, 20 mmol/L stock solution of each test compound(DMSO solution)
was diluted appropriately, and then the diluted test compound solution was added to assaybuffer at 100 wmol/L as a
final concentration including 0.5% final concentration of DMSO.

[0162] To prepare assay plates, at first, cells on subculture petri dish were peeled off using treatment of 0.05% trypsin-
EDTA solution, and then seeded on Biocoat Poly-D-Lysine Cellware 24well plate (BECTON DICKINSON) at a density
of 2 x 105 cells/well and cultured for 2 days.

[0163] For the uptake study, at first, culture medium was removed by aspiration and cells were washed twice with
HBSS (37°C), then the buffer was replaced with 1 mL of assay buffer (37°C). Cells were pre-incubated for 10 minutes.
And then, the buffer was removed by aspiration and 0.5 mL of radioisotope ligand solution incubated at 37°C was added,
then cells were incubated for 5 minutes. After uptake, radioisotope solution was removed by aspiration, and immediately
cells were washed three times with ice-cold HBSS, followed by resolving by addition of 0.5 mL of 0.5 mol/L NaOH. Cell
lysate solution was transferred to a vial or 24 well plate for Betaplate, and mixed with 0.5 mLof liquidscintillator (Optiphase
'Super Mix’ ; Perkin Elmer). Radioisotope activity was measured (using Betaplate 1450). As mean count in control
solution not including test compound was 100%, percent inhibition was calculated by determining percent decrease in
mean count in solution including test compound from mean count in control solution.

3) Blood hypouricemic effect

[0164] Effect of compound of the present invention as a test compound was studied on potassium oxonate induced
hyperuricemia with male 7-week-old SD rats (Charles River Japan) and potassium oxonate (Aldrich) suspended in 1%
gum arabic solution. Test compound was suspended in 0.5% CMC-Na solution, and then administered orally. Dosing
was 10 mg/kg or 50 mg/kg. All volume of administered solution was 10 mL/kg. Potassium oxonate 250 mg/kg was
administered to dorsal region of rats subcutaneously, 1 hour later each test compound was administered orally. For
control group, only 0.5% CMC-Na solution as a vehicle was administrated. At 2 hours after administration of test com-
pounds or vehicle, blood was collected under ether anesthesia, and serum was separated according to general method.
Treated number was 5 for each group.

[0165] Measurement of concentration of uric acid was conducted with following prepared reagents. The deproteini-
zation reagent was prepared in the following manner; 100g of sodium tungstate was added to a 2 L flask, and exactly
75 mL of 85% phosphoric acid and 500 mL of water were added to the flask equipped with a reflux condenser, and
heated for an hour. After cooling, the resulting faint yellow-green solution was diluted to 1 L exactly. Sodium carbonate-
urea reagent was prepared in the following manner; 14 g of anhydrous sodium carbonate and 14 g of urea were dissolved
in water and final volume of the solution was adjusted to 100 mL exactly. Phosphotungstic coloring reagent was prepared
in 4-fold dilution of deproteinzation reagent described above with water. UA standard solution (10 mg/dL : Kyokuto
pharmaceutical industrial CO., LTD) was used as an uric acid standard solution, and then serially diluted uric acid
standard solution with purified water was also used for standard curve.

[0166] Three hundred pL of serum or standard was added to 2.1 mL of purified water, and then 150 p.L of deproteination
reagent was also added to the solution, followed by mixing. After incubating for 20 minutes, the mixture was centrifuged
at 3000 rpm for 10 minutes. Sodium carbonate-urea reagent (0.5 mL) was added to 1.5 mL of supernatant, and the
mixture was incubated for 20 minutes. Next, after addition of 250 p.L of coloring reagent, further incubation was carried
over 15 minutes. Absorbance at 660 nm was measured, and concentration of uric acid was calculated with standard
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curve. Percent decrease in concentration of uric acid was calculated by following formula.

Percent decrease in concentrationof uric acid (%) = (A-B)

/ A X 100

In formula, A means average of concentration of blood uric acid in control group, B means average of concentration of
blood uric acid in test compounds-treated group.

[0167] The structural formulas, NMR and MS data and the results from the pharmacological studies of the synthesized
compounds of the present invention are shown in the following Tables 8 to 15.
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[0168]

[Table 8]

Compound

Structural Formula

X.0. inhibition
IC50 (mmol/L)

URAT1 (100
mol/L) (%)
inhibition

Decrease (%)
in UA
concentration

Physical Data

X0-TT969

8.18

75.0% (10m
g/kg)

1H NMR (200
MHz) & (DMSO-
d6); 7.53-7.63
(3H, m),
7.98-8.02 (2H,
m), 8.06 (2H, d,
J=9.1Hz), 8.12
(2H, d,
J=9.1Hz), 9.57
(1H,s). M S (EI)
miz 289 (M +).

X0-TT473

16.0

1H NMR(200
MHz) 6 (DMSO-
d6); 7.49-7.65
(BH, m),
7.99-8.04 (2H,
m), 8.19 (2H, d,
J=9.0Hz), 8.25
(2H, d,
J=9.0Hz), 9.58
(1H, s). MS(EI)
m/z 313 (M+),
285.

[0169]
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[Table 9]

Compound

Structural Formula

X.0O. inhibition
IC50 (nmol/L)

URAT1 (100 w
mol/L) (%)
inhibition

Decrease(%)in
UA
concentration

Physical Data

XO-TT507

1H NMR
(200MHz) &
(CDCI3); 2.62
(3H, s),
7.45-7.50 (3H,
m), 7.67 (2H,d,
J=8.8Hz), 8.04
(2H, dd,
J=2.3Hz,
8.0Hz), 8.29
(2H, d,
J=8.8Hz). MS(-
ESIl)m/z 302
(+ESI) 326,
304.

XO-TT508

3.74

67.1

1H NMR
(200MHz) &
(DMSO-db);
7.27 (1H, dd,
J=4.0Hz,
4.9Hz),
7.77-7.79 (2H,
m), 8.02(2H, d,
J=8.8Hz),8.13
(2H, d,
J=8.8Hz), 9.54
(1H, s),
12.94-13.64
(br). MS(-ESI)
m/z 294 (+ESI)
318, 296.

XO-TT524

5.18

68.7%
(10mg/kg)

1H NMR
(200MHz) &
(DMSO-d6);
7.50-7.72 (4H,
m). 7.97 (2H,
dJ=8.5Hz),
8.09 (2H, d,
J=8.5Hz), 9.55
(1H, s).
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(continued)

Compound

Structural Formula

X.0O. inhibition
IC50 (nmol/L)

URAT1 (100 w
mol/L) (%)
inhibition

Decrease(%)in
UA
concentration

Physical Data

XO-TT5637

4.86

1H NMR
(200MHz) &
(DMSO-d6);
2.39 (3H, s),
7.39 (2H, d,
J=8,2Hz), 7.89
(2H, d,
J=8.2Hz),
8.07-8.15 (4H,
m), 9.54 (1H,
s). M5(-ESI)
m/z 302 (+ESI)
326, 304.

XO-TT544

S

3.77

711 %
(10mg/kg)

1H NMR
(200MHz) &
(DMSO-d6);
3,84 (3H, s),
7.14 (2H, d,
J=8.8Hz), 7.94
(2H, d,
J=8.8Hz), 8.05
(2H, d,
J=9.0Hz), 8.12
(2H, d,
J=9.0Hz). 9,53
(1H, s). MS(-
ESl)m/z 318
(+ESI) 342,
320.

XO-TT545

5.21

75.8%
(10mg/kg)

1H NMR
(200MHz) &
(DMSO-d6);
2.48 (3H, s),
7.12 (1H, d,
J=5.0Hz), 7.70
(1H, d,
J=5.0Hz). 8.04
(2H, d,
J=8.8Hz), 8.13
(2H, d.
J=8.8Hz), 9.57
(1H, s),
12.76-13.55
(br). MS(-ESI)
m/z 308 (+ESI)
332, 310.
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(continued)

A1

Compound

Structural Formula

X.O. inhibition
IC50 (nmol/L)

URAT1 (100 w
mol/L) (%)
inhibition

Decrease(%)in
UA
concentration

Physical Data

XO-TT552

5.59

1H NMR
(200MHz) &
(DMSO-d6);
3.85(3H. s),
7.12 (1H, m),
7.47-7.56 (3H,
m),8.07 (2H, d,
J=9.0Hz), 8.13
(2H, d,
J=9.0Hz), 9,58
(1H, s). MS(-
ESl)m/z 318
(+ESI) 320.

XO-TT554

5.44

60.5%
(10mg/kg)

1H NMR
(200MHz) &
(DMSO-d6);
2.50 (3H, s),
6.96 (1H, d,
J=3.6Hz), 7.57
(1H,d,
J=3.6Hz), 7.99
(2H, d,
J=8.8Hz), 8.12
(2H, d,
J=8.8Hz), 9.5
(1 H,s). MS(-
ESI)m/z 308
(+ESI) 328,
310.

XO-TT55S

2.9

75.9%
(10mg/kg)

1H NMR
(200MHz) &
(DMSO-d6);
7.38-7.51 (1H,
m), 7.58-7.69
(1H, m), 7.80
(1H, dt,
J=1.7Hz,
7.6Hz), 8.06
(2H, d,
J=9.0Hz), 8.13
(2H, d,
J=9.0Hz), 9.60
(1 H, s). MS(-
ESIl)m/z 306
(+ESI) 330,
308.

[0170]
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[Table 10]

Compound

Structural Formula

X.0O. inhibition
IC50 (nmol/L)

URAT1 (100 w
mol/L) (%)
inhibition

Decrease (%)
in UA
concentration

Physical Data

XO-TT561

8.47

1H NMR
(200MHz) &
(DMSO-d6);
7.72-8.16 (8H.
m), 9.60 (1 H,
s),12.88-13.37
(br). MS(-ESI)
m/z 356 (+ESI)
380, 338.

XO-TT571

4.79

70.8

62.0%
(10mg/kg)

1H NMR
(200MHz) &
(DMSO-d6);
7.67 (1H, dd,
J=1.3Hz,
5,0Hz), 7.79 (1
H,dd,J=2.9Hz.
5.1 Hz),
8.03-8.17 (5H,
m), 9.52 (1H,
s),13.08-13.38
(br). MS(-ESI)
m/z 294 (+ESI)
296.

XO-TT572

4.12

56.1%
(10mg/kg)

1H NMR
(200MHz) &
(DMSO-d6);
7.44 (2H, dt,
J=2.0Hz,
8.9Hz),
7.40-7.49 (6H,
m), 9.57 (1H,
s),12.80-13.50
(br). MS(-ESI)
m/z 306 (+ESI)
308.

XO-TT5673

4.00

66.3%
(10mg/kg)

1H NMR
(200MHz) &
(DMSO-d6);
2.43 (3H, s),
7.36-7.46 (4H,
m),8.04 (2H, d,
J=9.0Hz), 8.13
(2H, d,
J=9.0Hz), 9.57
(1H, s). MS(-
ESI)m/z 302
(+ESI) 304,
326.
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(continued)

A1

Compound

Structural Formula

X.0O. inhibition
IC50 (nmol/L)

URAT1 (100 w
mol/L) (%)
inhibition

Decrease (%)
in UA
concentration

Physical Data

XO-TT574

5.52

1H NMR
(200MHz) &
(DMSO-d6);
3.87 (3H, s),
7.10 (1H, dd,
J=7.5Hz,
8.0Hz), 7.22
(1H, d,
J=8.0Hz), 7.51
(1H, d,
J=7.5Hz), 7.59
(1H, dd,
J=1.7Hz,
7.6Hz), 8.03
(2H, d,
J=8.7Hz). 8.11
(2H, d,
J=8.7Hz), 9.49
(1H, s). MS(-
ESl)m/z 318
(+ESI) 320,
342.

X0O-B366

77.7

1H NMR
(200MHz) &
(DMSO-d6);
7.44-7.57 (2H,
m), 7.78-7.88
(1H, m),
7.97-8.07 (2H,
m),8.17 (2H,d,
J=9Hz), 8.27
(2H, d, J=9Hz).
MS(-ESl)m/z
289.1 (M-1+).

XO0-8327

4.90

74.1%
(10mg/kg)

1H NMR
(200MHz) &
(DMSO-d6);
7.30-7.41 (1H,
m), 7.43-7.55
(2H, m), 7.74
(2H, dd, J=1,
7Hz),7.90 (2H,
d,J=9Hz), 8.08
(2H, d, J=9Hz),
8.10 (1H, d,
J=2Hz), 8.51
(1H,d, J=2Hz).
MS(+ESI)m/z
289.1 (M+1+).
MS(-ESI)m/z
287.1 (M-1+).
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[Table 11]

Compound

Structural Formula

X.O. inhibition
IC50 (nmol/L)

URAT1 (100
wmol/L) (%)
inhibition

Decrease (%)
in UA
concentration

Physical Data

X0O-B395-1

3.59

79.1%
(10mg/kg)

1H NMR
(200MHz) &
(DMSO-d6);
2.37 (3H, s),
7.22-7.40 (4H,
m), 7.80 (1H,
d, J=2Hz),
7.88 (2H, d,
J=9Hz), 8.07
(2H,d,J=9Hz),
8.50 (1H, d,
J=2Hz), 13.14
(1H, brs). MS
(+ESI)m/z
303.1 (M+1+).
MS(-ESI)m/z
301.1 (M-1+).

X0O-B397

HOJ\@ cl
N7y

W
N

5.24

76.7%
(10mg/kg)

1H NMR
(200MHz) &
(DMSO-d6);
7.40-7.51 (2H,
m), 7.51-7.58
(1H, m),
7.58-7.67 (1H,
m), 7.87 (2H,
d, J=9Hz),
7.90 (1H, d,
J=2Hz), 8.07
(2H,d,J=9Hz),
8.52 (1H,d,
J=2Hz). MS
(+ESI)m/z
323.1 (M+1+),
325.1
(M+2+1+). MS
(-ESl)m/z
321.1 (M-1+).
323.1
(M+2-1+).
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(continued)

Compound

Structural Formula

X.O. inhibition
IC50 (nmol/L)

URAT1 (100
pmol/L) (%)
inhibition

Decrease (%)
in UA
concentration

Physical Data

X0-B399-2

O

HO'
N

o

»
\N

5.56

69.4%
(10mg/kg)

1H NMR
(200MHz) &
(DMSO-d6):
6.84 (1H, dd,
J=1, 3Hz),
7.21 (1H, d,
J=3Hz), 7.86
(2H,d,J=9Hz),
7.95 (1H, d,
J=2Hz), 8.06
(2H,d,J=9Hz),
8.47 (1H, d,
J=2Hz), 13.13
(1H, brs). MS
(+ESI)m/z
309.1 (M+1+).
MS(-ESI)m/z
307.1 (M-1+)

X0O-B401

HOJ’NQ

=

]
2 Y

2

5.98

59.5

78.8%
(10mg/kg)

1H NMR
(200MHz) &
(DMSO-d6);
7,16 (1H, dd,
J=4, 5Hz),
7.44 (1 H, dd,
J=1, 4Hz),
7.55 (1H, dd,
J=1, 5Hz),
7.88 (2H, d,
J=9Hz), 8.05
(1H,d,J=2Hz),
8.07 (2H, d,
J=9Hz), 8.50
(1H,d,J=2Hz),
13.16 (1H,
brs). MS(+ESI)
m/z 295.1
(M+1+). MS(-
ESI)m/z 293.0
(M-1+).
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(continued)

Compound

Structural Formula

X.O. inhibition
IC50 (nmol/L)

URAT1 (100
pmol/L) (%)
inhibition

Decrease (%)
in UA
concentration

Physical Data

X0O-B403

5.98

62.1%
(10mg/kg)

1H NMR
(200MHz) &
(DMSO-d6);
3.84 (3H, s),
7.04 (1H, ddd,
J=1,7, THz).
7.14 (1H, d,
J=8Hz), 7.37
(1H, ddd, J=2,
7, 8Hz), 7.49
(1H, dd, J=2,
7Hz),7.82(1H,
d, J=2Hz),
7.86 (2H, d,
J=9Hz), 8.07
(2H,d,J=9Hz),
8.43 (1H, d,
J=2Hz), 13.13
(1H, brs). MS
(+ESI)m/z
319.1 (M+1+).
MS(-ESI)m/z
317.1 (M-1+).

XO-B407

4.73

55.5

76.9%
(10mg/kg)

1H NMR
(200MHz) &
(DMSO0-d6);
2.30 (3H, s),
7.04 (1H, d,
J=5Hz), 7.50
(1H,d,J=5Hz),
7.83 (1H, d,
J=2Hz), 7.88
(2H,d,J=9Hz),
8.07 (2H, d,
J=9Hz), 8.50
(1H,d,J=2Hz).
MS(+ESI)m/z
309.1 (M+1+),
MS(-ESIl)m/z
307.1 (M-1+).
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(continued)

Compound

Structural Formula

X.O. inhibition
IC50 (nmol/L)

URAT1 (100
pmol/L) (%)
inhibition

Decrease (%)
in UA
concentration

Physical Data

X0-B410

5.00

59.1%
(10mg/kg)

1H NMR (200
MHz) &
(DMSO-d6);
3.72 (3H, s),
6.09 (1H, dd,
J=3, 4Hz),
6.33 (1 H, dd,
J=2, 4Hz),
6.87 (1H, dd,
J=2, 2Hz),
7.80 (1H, d,
J=2Hz), 7.88
(2H,d,J=9Hz),
8.07 (2H, d,
J=9Hz), 8.46
(1H,d,J=2Hz).
MS(+ESI)m/z
292.1 (M+1+),
MS(-ESI)m/z
290.1 (M-1+).

X0-B412

6.38

50.5

1H NMR
(200MHz) &
(DMSO0-d6);
7.57 (1H, d,
J=7Hz).
7.62-7.73 (1H,
m), 7.73-7,81
(2H, m), 7.85
(2H,d,J=9Hz),
7.88-7.94 (1H,
m), 8.07 (2H,
d, J=9Hz),
8.51 (1H, d,
J=2Hz). MS
(+ESI)m/z
357.1 (M+1+).
MS(-ESI)m/z
355.1 (M-1+).
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(continued)

A1

Compound

Structural Formula

X.O. inhibition
IC50 (nmol/L)

URAT1 (100
pmol/L) (%)
inhibition

Decrease (%)
in UA
concentration

Physical Data

X0O-B414

5.86

67.1%
(10mg/kg)

1H NMR
(200MHz) &
(DMSO-d6);
7.19 (1H, d,
J=4Hz), 7.28
(1H,d,J=4Hz),
7.86 (2H, d,
J=9Hz), 8.07
(2H,d,J=9Hz),
8.09 (1H, d,
J=2Hz), 8.51
(1H,d,J=2Hz).
MS(+ESIl)m/z
329.0 (M+1+),
331.0
(M+2+1+), MS
(-ESI)m/z
327.0 (M-1+),
329.0
(M+2-1+).

[0172]

Table 12]

Compound

Structural Formula

X.0, inhibition
IC50 (nmol/L)

URAT1 (100
mol/L) (%)
inhibition

Decrease(%)in
UA
concentration

Physical Data

X0O-B418

4.63

62.6

79.1%
(10mg/kg)

1H NMR
(200MHz) &
(DMSO-d6);
7.54 (1H, dd,
J=1,5Hz), 7.69
(1H, dd, J=3,
5Hz), 7.78 (1H,
dd, J=1, 3Hz),
7.87 (2H, d,
J=9Hz), 8.08
(2H, d, J=9Hz),
8.12 (1H, d,
J=2Hz), 8.47
(1H, d, J=2Hz),
13.14 (1H, brs).
MS(+ESl)m/z
295.1 (M+1+).
MS(-ESI)m/z
293.1 (M-1+).
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(continued)

A1

Compound

Structural Formula

X.0, inhibition
IC50 (nmol/L)

URAT1 (100
mol/L) (%)
inhibition

Decrease(%)in
UA
concentration

Physical Data

X0-B420

6.33

1H NMR
(200MHz) &
(DMSO-d6);
7.76 (1H, d,
J=3Hz), 7.91
(2H, dd, J=2,
7Hz), 7.92 (1H,
d, J=3Hz), 8.07
(2H, dd, J=2,
7Hz), 8.34 (1H,
d, J=2Hz), 8.56
(1H, d, J=2Hz).
MS(+ESl)m/z
296.1 (M+1+).
MS(-ESl)m/z
294.0 (M-1+).

X0O-B421

;e
N7 cl

5.71

57.8%
(10mg/kg)

1H NMR
(200MHz) &
(DMSO-d6);
7.56 (2H, dd,
J=2, THz),7.77
(2H, dd, J=2,
7Hz), 7.89 (2H,
d, J=9Hz), 8.08
(2H, d, J=9Hz),
8.16 (1H, d,
J=2Hz), 8.52
(1H, d, J=2Hz).
MS(+ESl)m/z
323.1 (M+1+),
325.1
(M+2+1+). MS
(-EShm/z
321.1 (M-1+),
323.1
(M+2-1+).

48




10

15

20

25

30

35

40

45

50

55

EP 1932 833

(continued)

A1

Compound

Structural Formula

X.0, inhibition
IC50 (nmol/L)

URAT1 (100
mol/L) (%)
inhibition

Decrease(%)in
UA
concentration

Physical Data

X0-B422

3.56

79.0%
(10mg/kg)

1H NMR
(200MHz) &
(DMSO-d6);
3.80 (3H, s),
7.05(2H, dd, J
=2, 7Hz), 7.67
(2H, dd, J=2,
7Hz), 7.88 (2H,
d, J=9Hz), 8.01
(1H,d,J=2Hz),
8.07 (2H, d,
J=9Hz), 8.47
(1H, d, J=2Hz).
MS(+ESl)m/z
319.1 (M+1+).
MS(-ESI)m/z
317.1 (M-1+).

X0-B423

4.26

66.6%
(10mg/kg)

1H NMR
(200MHz) &
(DMSO-d6);
7.29 (2H, d,
J=8Hz), 7.63
(2H, d, J=8Hz),
7.88 (2H, d,
J=9Hz), 8.05 (1
H, d, J=2Hz),
8.07 (2H, d,
J=9Hz), 8.48 (1
H, d, J=2Hz).
MS(+ESI)m/z
303.1 (M+1+).
MS(-ESI)m/z
301.1 (M-1+).

XO-B426

Ho)‘\CL

N

z
it
-
=
m
Tl_n

5.09

68.3%
(10mg/kg)

1H NMR
(200MHz) &
(DMSO-d6);
7.86 (2H, d,
J=8Hz), 7.87
(2H, d, J=9Hz),
7.97 (2H, d,
J=8Hz), 8.08
(2H, d, J=9Hz),
8.27(1H, d,
J=2Hz), 8.55
(1H, d, J=2Hz).
MS(+ESI)m/z
357.1 (M+1+).
MS(-ESl)m/z
355.1 (M-1+).
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(continued)

A1

Compound

Structural Formula

X.0, inhibition
IC50 (nmol/L)

URAT1 (100
mol/L) (%)
inhibition

Decrease(%)in
UA
concentration

Physical Data

X0O-B434

3.82

68.8

63.2%
(10mg/kg)

1H NMR
(200MHz) &
(DMSO-d6);
4.28 (4H, s),
6.95 (1H, d,
J=8Hz), 7.21
(1H, dd, J=2,
8Hz), 7.25 (1H,
d, J=2Hz), 7.88
(2H, d, J=9Hz),
8.02 (1 H,d,
J=2Hz), 8.07
(2H, d, J=9Hz),
8.46 (1H,d,
J=2Hz), 13.15
(1 H, brs). MS
(+ESI)m/z
347.1 (M+1+).
MS(-ESI)m/z
345.1 (M-1+).

X0O-B436

3.71

77.3%
(10mg/kg)

1H NMR
(200MHz) &
(DMSO-d6);
7.28-7.53 (3H,
m), 7.68 (1 H,
ddd, J=2, 8,
8Hz), 7.88 (2H,
d, J=9Hz), 7.95
(1H, dd, J=1,
2Hz), 8.08 (2H,
d, J=9Hz), 8.54
(1H, d, J=2Hz).
MS(+ESl)m/z
307.1 (M+1+).
MS(-ESl)m/z
305.1 (M-1+).
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(continued)

Compound

Structural Formula

X.0, inhibition
IC50 (nmol/L)

URAT1 (100
mol/L) (%)
inhibition

Decrease(%)in
UA
concentration

Physical Data

X0O-B438

5.03

69.3%
(10mg/kg)

1H NMR
(200MHz) &
(DM50-d6) ;
7.32 (2H, dd,
J=2.7Hz),7.36
(2H, dd, J=2,
THz), 7.76 (2H,
dd, J=2, 7Hz),
7.78 (2H, dd,
J=2,7Hz),7.89
(2H, d, J=9Hz),
8.08 (2H. d,
J=9Hz), 8.10
(1H, d, J=2Hz),
8.51 (1H, d,
J=2Hz). MS
(+ESI)m/z
307.1 (M+1+).
MS(-ESI)m/z
305.1 (M-1+).

X0-B440

15.2

57.6%
(10mg/kg)

1H NMR
(200MHz) &
(DMSO-d6):
2.20 (3H, s),
7.32-7.56 (5H,
m), 7.66 (2H,
dd, J=2, 7THz),
7.99 (1H, s).
8,11 (2H, dd,
J=2, THz),
13.20 (1H, brs).
MS(+ESI)m/z
303.1 (M+1+).
MS(-ESI)m/z
301.1 (M-1+).

[0173]
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[Table 13]

Compound

Structural Formula

X.O. inhibition | URAT1 (100
IC50 (nmol/L) wmoliL) (%)
inhibition

Decrease(%) in
UA
concentration

Physical Data

XO-CH146

50.5 92.1

1H NMR
(200MHz) &
(DMSO-d6);
7.34-7.48 (2H,
m), 7.65-7.80
(2H, m), 7.82
(2H, d, J=8Hz),
8.17 (2H, d,
J=8Hz), 8.70
(1H, s), 13.25
(1H, brs).

XO-CH160

26.7 93.8

1H NMR
(200MHz) &
(DMSO-db6);
7.43 (1H, dd,
J=9Hz, 2Hz),
7.71 (1H, d,
J=9Hz),
7.75-7.86 (3H,
m), 8.17 (2H,
dd, J=9Hz,
2Hz), 8.77 (1H,
s).MS(-ESI)m/z
297, 295 (+ESI)
m/z 299, 297

XO-CH168

57.1 92.5

1H NMR
(200MHz) &
(DMSO-db6);
7.28 (1H, ddd,
J=9Hz, 9Hz,
3Hz), 7.59(1 H,
dd, J=9Hz,
3Hz), 7.72 (1H,
dd, J=9Hz,
4Hz), 7.81 (2H,
d, J=9Hz), 8.17
(2H, d, J=9Hz),
8.76 (1H, s),
13.19 (1H. brs).
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(continued)

Compound

Structural Formula

X.O. inhibition
IC50 (nmol/L)

URAT1 (100
pmol/L) (%)
inhibition

Decrease(%) in
UA
concentration

Physical Data

XO-CH164

13.8

92.3

51.4%
(50mg/kg)

1H NMR
(200MHz) &
(DMSO-db6);
2.47 (3H, s),
7.24 (1H, dd,
J=9Hz, 2Hz),
7.56 (1H, s),
7.60 (1H, d,
J=9Hz), 7.79
(2H, d, J=9Hz),
8.16 (2H, d.
J=9Hz), 8.63
(1H, s). 13.21
(1H, brs). MS(-
ESl)m/z 275
(+ESI)m/z 277,
299

XO-CH150

31.6

79.3

1H NMR
(200MHz) &
(DMSO-d6);
7.32-7.48 (2H,
m), 7.67-7.83
(2H, m), 7.94
(2H, d, J=9Hz,),
8.28 (2H,
d.J=9Hz,), 8.71
(1H, s). MS(El)
m/z 286(M+),
258

XO-CH151

1H NMR
(200MHz) &
(DMSO-db6);
7.05 (1H, brs),
7.20-7.48 (2H,
m), 7.60 (1H,
brs), 7.60-7.70
(1H, m), 7.90
(2H, d, J=9Hz),
8.22-8.35 (3H,
m), 8.43 (1H.s).
MS(El)m/z 304
(M+), 276
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(continued)

Compound

Structural Formula

X.O. inhibition
IC50 (nmol/L)

URAT1 (100
pmol/L) (%)
inhibition

Decrease(%) in
UA
concentration

Physical Data

XO-CH172

88.3

1H NMR
(200MHz) &
(DMSO-d6);
2.46 (3H, s),
7.10-7.37 (3H,
m), 7.62-7.70
(1H. m), 7.69
(2H, d, J=8Hz),
8.19 (2H, d,
J=8Hz), 13.31
(1H, brs). MS(-
ESl)m/z 275
(+ESl)m/z 277

XO-CH183

I
(=]
=4
O~

14.5

80.6

1H NMR
(200MHz) &
(DMSO-d6):
3.86 (3H, s),
7.02 (1H, dd,
J=9Hz, 2Hz).
7.21 (1H, d,
J=2Hz), 7.62
(1H, d, J=9Hz).
7.79 (2H, d,
J=9Hz), 8.15
(2H, d, J=9Hz),
8.62 (1H, s),
13.23(1H, brs).
MS(-ESI)m/x
291 (+ESI)m/z
293

XO-CH199

49.1

91.5

1H NMR
(200MHz) &
(DMSO-d6);
6.12 (2H, s),
7.23 (1H, s).
7.24(1H, s),
7.78 (2H, d,
J=9Hz), 8.16
(2H, d, J=9Hz),
8.48 (1H,s). MS
(-ESl)m/z 305
(+ESl)m/z 307

[0174]
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[Table 14]

Compound

Structural Formula

X.O. inhibition
IC50 (nmol/L)

URAT1 (100
mol/L) (%)
inhibition

Decrease(%) in
UA
concentration

Physical Data

X0O-CH200

76.2

94.3

1H NMR
(200MHz) &
(DMSO-d6);
3.80 (3H, s),
7.03 (1H, dd,
J=9Hz, 2Hz),
7.13 (1H, d,
J=2Hz),7.65 (1
H, d, J=9Hz),
7.82 (2H, d,
J=9Hz), 8.17
(2H, d, J=9Hz),
8.54 (1H, s),
13.22(1H, brs),
MS(-ESl)m/z
291 (+ESl)m/z
293

XO-CH201

50.5

88.6

1H NMR
(200MHz) &
(DMSO-d6);
7.30-7,49 (2H,
m), 7.64 (1H,
dd, J=7Hz,
2Hz), 7.81 (2H,
d, J=9Hz), 8.17
(2H, d, J=9Hz),
8.81 (1H, s),
13.27 (1H, brs).
MS(-ESl)m/z
295, 297 (+ESI)
miz 297, 299

X0O-CH205

95.7

1H NMR
(200MHz) &
(DMSO0-d6);
1.95 (3H, s),
7.13 (1H, d,
J=7THz), 7.26
(1H,dd, J=8Hz,
7Hz), 7.59 (1H,
d, J=8Hz), 7.69
(2H, d, J=8Hz),
8,11 (2H, d,
J=8Hz), 8.41
(1H, s), 13.30
(1H,brs). MS(-
ESIl)m/z 275
(+ESl)m/z 277
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(continued)

Compound

Structural Formula

X.O. inhibition
IC50 (nmol/L)

URAT1 (100 w
mol/L) (%)
inhibition

Decrease(%) in
UA
concentration

Physical Data

XO-CH206

98.1

1H NMR
(200MHz) &
(DMSO-d6);
7.71 (1H, d,
J=9Hz), 7.86
(2H, d, J=9Hz).
7.92 (1H, s),
8.02 (1H, d,
J=8Hz), 8.20
(2H, d, J=9Hz),
8.92 (1H, s),
13.29 (1H, brs).
MS(-ESl)m/z
329 (+ESI)m/z
331

XO-CH207

96.5

93.9

1H NMR
(200MHz) &
(DMSO-d6);
3.80 (3H, s),
7.03 (1H, dd,
J=9Hz, 2Hz),
7.13 (1H, d,
J=2Hz), 7.65
(1H, d, J=9Hz),
7.82 (2H, d,
J=9Hz), 8.17
(2H, d, J=9Hz),
8.54 (1H, s),
13.22(1H, brs).
MS(-ESI)m/z
291 (+ESI)m/z
293

X0O-CH209

60.8

971

1H NMR
(200MHz) &
(DMSO-d6);
7.43 (1H, dd,
J=9Hz, 2Hz),
7.72 (1H, d,
J=2Hz), 7.80
(1H, d, J=9Hz),
7.82 (2H, d,
J=9Hz), 8.17
(2H, d, J=9Hz),
8.74 (1H, s),
13.26 (1H, brs).
MS(-ESI)m/z
295, 297 (+ESI)
m/z 297, 299
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(continued)

Compound

Structural Formula

X.O. inhibition
IC50 (nmol/L)

URAT1 (100
mol/L) (%)
inhibition

Decrease(%) in
UA
concentration

Physical Data

XO-CH211

16.4

81.1

1H NMR
(200MHz) &
(DMSO-d6);
3.96 (3H, s),
6.88 (1H, d,
J=8Hz), 7.24
(1H, d, J=8Hz),
7.28-7.41 (1H,
m), 7.78 (2H, d,
J=9Hz). 8.16
(2H, d, J=9Hz),
8.56(1H, s),
13.22(1H, brs),
MS(-ESl)m/z
291 (+ESI)m/z
293

XO-KT10

Ho’u\©\ N=
NN\ A

92.3

1H NMR
(200MHz) &
(DMSO-d6);
7.48 (1H, dd,
J=8Hz, 5Hz),
8.05-8.18 (4H,
m), 8.29 (1H,
dd, J=8Hz,
2Hz), 8.53 (1H,
dd, J=5Hz,
2Hz), 13.2(1H,
brs).

XO-KT16

NN\ S

99.2

92.4

1H NMR
(200MHz) &
(DMSO-d6):
8.00-8,17 (4H,
m), 8.16 (1H, d,
J=2.2Hz), 8.58
(1H, d,
J=2.2Hz), 9.05
(1H, s). 13.2
(1H, s).

[0175]
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[Table 15]

Compound

Structural Formula

X.O. inhibition
IC50 (nmol/L)

URAT1
(100pmol/L)
(%)inhibition

Decrease(%) in
UA
concentration

Physical Data

XO-KT18

? cl
Ho’“\© N==
N 1

W
N

95.2

1H NMR
(200MHz) &
(DMSO0-d6);
7.54 (1H, d,
J=8.3Hz),
7.96-8.19 (4H,
m), 8.35(1H, d,
J=8.3Hz), 9.00
(1H, s), 13.2
(1H, brs).

XO-KT20

)
HOJ\@\ N=\_n
N:?)/
\
N

64.6

1H NMR
(200MHz) &
(DMSO-d6);
7.99~8.19 (4H,
m), 8.94 (2H,
dd, J=1.9Hz.
5.9Hz), 9.19
(1H, s), 13.3
(1H, brs).

XO-KT30

22

o}
N
\N

79.9

1H NMR
(200MHz) &
(DMSO-d6);
7.53-7.77 (2H,
m), 7.98-8.22
(6H, m), 13.3
(1H, brs).

Industrial Applicability

[0176]

The nitrogen-containing heterocyclic compounds or the present invention or the pharmaceutically acceptable

salts thereof are compounds having a X.O. inhibitory effect and an uricosuric effect. The pharmaceutical compositions
ofthe presentinvention comprising these compounds as an active ingredient can be expected to be useful as a therapeutic
agent for the gout or hyperuricemia, or various diseases such as ischemic-reperfusion disorder, inflammatory disease,
diabetes, cancer, arteriosclerosis, neurological disease or the like.

Claims

1. A nitrogen-containing heterocyclic compound represented by the following general formula (l):

[Chem. 1]

=
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wherein Y1 represents N or C(R%); Y2 represents N or C(R5) ;

R4 and RS independently represents an alkyl group which may have a halogen atom, a hydrogen atom, a
halogen atom, a cyano group or an alkoxy group; one of R! and R2 represents an haloalkyl group, a cyano
group, a carbamoyl group or a halogen atom; the other of R and R2 represents an aryl group which may have
a substituent selected from the group consisting of an alkyl group, a haloalkyl group, an alkoxy group and a
halogen atom in which some of the substituents may form a ring, an alkoxy group or a heterocyclic group
selected from the group consisting of a thienyl, thiazolyl or pyrrolyl group which may be substituted by an alkyl
group or a halogen atom; and

R3 represents a 5-tetrazolyl group or a carboxy group; and with the proviso that when Y2 represents CRS, Y2
may form a benzene or pyridine ring which may have a haloalkyl group, a halogen atom, a cyano group or an
alkoxy group as a substituent together with R2, and some of the neighboring substituents on the ring may form
a ring, or a pharmaceutically acceptable salt thereof.

2. A nitrogen-containing heterocyclic compound as claimed in claim 1 represented by the following general formula
(I-A) or (I-B) :

[Chem. 2]

[Chem. 3]

R1a

ol
N\
N”N\Z : (I-B)

RS

wherein R42 and R52 independently represent a hydrogen atom or an alkyl group;

one of R12 and R2a represents a haloalkyl group, a cyano group or a halogen atom;

the other of R'2 and R22 represents an aryl group which may have a substituent selected from the group consisting
of an alkyl group, a haloalkyl group, an alkoxy group and a halogen atom in which some of the substituents may
form a ring, an alkoxy group or a heterocyclic group selected from the group consisting of a thienyl, thiazolyl or
pyrrolyl group which may be substituted by an alkyl group or a halogen atom; and

R3 represents a 5-tetrazolyl group or a carboxy group, or a pharmaceutically acceptable salt thereof.

3. A nitrogen-containing heterocyclic compound as claimed in claim 2, wherein R'@ represents a cyano group, or a
pharmaceutically acceptable salt thereof.

4. A nitrogen-containing heterocyclic compound as claimed in claim 3, wherein R22 represents an aryl group which
may have a substituent selected from the group consisting of an alkyl group, a haloalkyl group, an alkoxy group
and a halogen atom in which some of the substituents may form a ring; an alkoxy group; or a thienyl group which
may be substituted by an alkyl group or a halogen atom, or a pharmaceutically acceptable salt thereof.
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A nitrogen-containing heterocyclic compound as claimed in any of claims 2 to 4, wherein R3 represents a carboxy
group, or a pharmaceutically acceptable salt thereof.

A nitrogen-containing heterocyclic compound as claimed in claim 1 represented by the following general formula
(T-C):

[Chem. 4]
. R1°
I !
=Y >—N .
\ ¥ (I1-C)
R8

wherein Y1C represents N or C(R4C) ; Y3 represents N or C(R9) ; R4C and R® independently represent an alkyl
group, a haloalkyl group, a hydrogen atom, a halogen atom, a cyano group or an alkoxy group;

R1C represents a cyano group or a carbamoyl group;

R®, R7 and R8 independently represent an alkyl group, a haloalkyl group, a hydrogen atom, a halogen atom, a
cyano group or an alkoxy group; or any of R8, R7 and R8 may form a ring together with the neighboring substituent;
and

R3 represents a 5-tetrazolyl group or a carboxy group, or a pharmaceutically acceptable salt thereof.

A nitrogen-containing heterocyclic compound as claimed in claim 6, wherein R1C represents a cyano group, or a
pharmaceutically acceptable salt thereof.

A nitrogen-containing heterocyclic compound as claimed in claim 6 or 7, wherein R3 represents a carboxy group,
or a pharmaceutically acceptable salt thereof.

A pharmaceutical composition comprising a nitrogen-containing heterocyclic compound as claimed in any of claims
1 to 8 or a pharmaceutically acceptable salt thereof as an active ingredient.

A pharmaceutical composition as claimed in claim 9, which is a xanthine oxidase inhibitor.
A pharmaceutical composition as claimed in claim 9 or 10, which is an uricosuric agent.

A pharmaceutical composition as claimed in any of claims 9 to 11, which is an agent for the treatment of gout or
hyperuricemia.

A pharmaceutical composition as claimed in claim 9, which is an agent for the treatment of ischemic-reperfusion
disorder, inflammatory disease, diabetes, cancer, arteriosclerosis or neurological disease.
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